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An Asssum of the VaUlty of the Clauslts-Cleayrou
MPIqsiM for Phase Tmaiiifog LMsto 1i solid

Riclati Jan**
Division. of In1ussrinS

brown Ibiweralty
Proplam"e. Al 02912

The Clamlus-Capsyrm su to I a xwlt4ou betwos the best
absorbed to a slow phone trmms Am .nd drVIVAlive of the equ~jbrium
prossigs with reepoet to terature. It C40 be resowalived mRIV to
theroolestle oolila, saljoct ton 006hytostatie stress . and oaueh It
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quits well with observations.

TOo eertmA he the C u.Cqyrin equstlus O fail ma to
a"s That t~*1 ioh Am" st it, IRM phl.-ibwt ses"Otims

fule uba i, a era . s t5 tbe~fte stity
criteelou ftM AA theClIusi gwilw, twois*~pqis
for solids usah oboe" Oft.i valf NO~e opilo o 911e Toiierul.

asu pameesi AW a asof4*W

ae mssaier a ms-imfisiit ltoIst -a blomww E3SOsS
saalral laned an Las bess by a so~ei~tos &Assuibwttq& of
ferms. Vpeu sE wdfts bUks~hs

se * ot, usswls f.dplas eve dhe easel Swaim too" to a

0.4 * I.. I M , V

do WoO I



AA

. .... .....

-m mpmm# f .
...........

7,11



filasticity as a CAug Theory

1. A. Kamin
Dept. of Mechanical Engineering

University Of Houston, TX 77004

It is well known that the development of the contemporary physics
Of elemtarY Particles is closely connected with auage theories. Re-
cently1 it was found [1.23 that the theory of dislocations and discli-
nations Can be developed as a ~mg theory starting from classical
elasticity. This approach has led to interesting new results in the
theory of defects.

In this paper, we show that linear and nonlinear elasticity are
also gaupe theories. This permits one to understand better the group-
theoretical 'background of elasticity, as well as poup invariance pro-
parties of solutions of the equations of elasticity.

1. A. A. Golebiewska-Lasota, lat. J. H@M. Sal., 17, 263 (1979).

2.A. Kadid and D. G. 3. Mdeles, Int. J. Sc~E i., 20, 433 (1982).
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A Review of Acoustic Propagation In the
Atmosphere

V. X. van Noorhem
Mechanical and Industrial Ingineering Department

University of Utah -

salt Lake Cit,1 - Utah 84112

The propagation of acoustic signals in the atmsphere Wae one
of the firet areas investigated after the oroin of the science of
acoustic*. After several hundred years understanding of the major

phenomena occuring In atmspheric propagation Is not yet complete.

The propagation of acoustic signals in the atmosphere is
dominated by six major effects, geometrical spreading, atmospheric
absorption, reflection from the ground surface, refraction due to
gradients in the speed of propagation, scattering from turbulence,
and diffraction around obstacles. Preent understanding of thes"
phenomena ranges from essentially complete to very poor. Each of
these areas Is discussed in terms of the level of present understand-
ing and in terms of its Implications for long range acoustic propa-

gation modeling.

Today's Micrometeorology Applied to
the Interpretation of Outdoor Sound Propagation

Meterolgy Pensyvana SateUniversity

University Park, PA 16802

Contmorary field measurements and models of the
atmosphere's surface and planetary boundary layers have been
used to examine the spatial and teporal characteristics of
sound propagating outdoorc. From a micromtorologist's
point-of-view the characteristics of propagating sound are so
sensittve to ambient velocity and temperature gradients that
signal behavior can provide a viable "Indirect" measure of
atmospheric structure and processes. Specification of the
atmospheric refractive Index environent for acouatic
propagation studies has bean, generally, inadequate to
facilitate examination of the mechanfmes responsible for,
In particular, observed signal fading. This paper reviews
methods for evaluating signal ampitude and phase variations
resulting from characteristic mesn gradient and turbulent
velocity and temperature fluctuations In the lover atmosphere.
Particular attention is devoted to problems of sound propa-
gatIfn In compex terrain enviromnts In which the refractive
Index field4 is not generally herimsntally hemeganemas.

seindtiou for seeded field experimests are also
smaried.
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NICAL ITl=N5 IN iMua
INLET ACOUSTIC SOMiZSM 0~I

wamseth J. Doanifter
NASM Lewis Peseatch center

Cleveland. ON .44135

"Steady" state finite element tboaulas and tr lst fiAUt
differelnce theories are currently being applied to tim design of acousti-
cally treated naclles of turbojet enies. Is this Papet. nmrical
theories in conun~ction with previously published analytical results ar
used to estimate tie performance of as acoustic liner In a typical engine
Installation.

First, some background Information on anlytical and sumrical
techniques in duct acoustics to presented. In particular. a bibliography
of numrical techniques In linear duct acoustics Is in=1840d. Next, &
procedure is preseted for using previously published analytical results
as the starting point of the numerical calculations. The Importance of the
cut-off ratio in the design Is emphasised. Imdiately following. a Pro-
cedure for applying the aeIcal techniquss is presented. The coupling
between the duct ad the far field In the nmerical analysis Is ahove to
significantly effect the predicted attenuation. Sow design calculations
are then presented which comare analytical, , Lad sad esperietsl.
results for a commrcial JTMS turbofa asegias. Finally, the limitations
of preset numerical theories ame discussed nd future work Is outlined.(

Lieracoustic theory Is used extensively to solve probem in duct
acostis.In regios of high Mach number this theory fails as shown by
thePubalsolution for plane waves In uniform ducts and more recently by
the ork fEprs dad Callegazi. (11 for sn-vaifors ducts. There is also

The finite-differencel medald Is cmonyeed. widmeytod oftain oiae

sources ad anschoec teumiastios Is developed by considering the charac-
teristics of the Sam dymdc equatioms.

Presently only Continuous solutisms haes bemes omghe, hoever, work 1
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On fte Existence of Plastic Petldals in Metal. Crystas
and Crystallin Anegaw at fte Strain*
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R=C. 2AXs
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On Condition* for Validity of Simple Methods for
Plastic Analysis of Pulse-Loaded Structures

P. S. Symds and W. T. Fleming, Jr.
Division of goginseriug

green University
Providence, Nbode Island 02913

to the analysis of dynamic plastic response of structures to
pulse loading, certain idealizations form the basis of a body of theory
and practical technique.. The idealization* include those of static
limit analysis: rigid-perfectly plastic behavior and negligible
a mtry changes. The further idealisetios of homgeneous stress-
*train rate relations end of piecewise constant leading make pessible
an attractive "simple rigid-plastic" (SW) theory for dynsmic response.
Within this eoery upper and lower bouids awe provided on response
deflections and times; it is shaws that the velocity pattern tends
towerd a made ftgm efficient methods for determining these fundamn-
tal sods foss esolutions awe derived; end they are the basis for appozi-
mete tedim. denlegeus to the limit theerem of -static analysis,
the several estimation techniques provided b UP teoery wre extre-
ordinarily simple- The a0tu9l dpemia respeNee, with miZAed elastic/

plasticfvisoeastie hehvirs at Urge otrains nd deflections, is

considerable *ian e n spatioation. The simple techniques meetcme.tlldaisenhotsndolybircl prg ao
need. Unfortunately it is difficalt to predict hea tbay are valid,
for load pulses of arbitrary magnitude and shape. There is a paucity
of comparisons either with complete wAmnrical solutions or with
experiment*.

The present paper memo use of a large finite element rogrm 1

capeble of treating material ad geo-trical nonlinearities to
Coopr@ certain hey features of the complete rqpense with thoe Pre-
dicted by 3m analysis and by several estimation techniques based
on it. Thesa comparisons, particularly of energy dissipation rates
and of the cenagiag partition of plastic wark over the structure,
show the nmsing of criteria for UP analysis involving energy input
and pulse duration paramters. They at"e clarify the significance of
the made approximation technique and of simplified elastic-plastic
treat-rj bae on separation of elastic and plastic response

1. Program ABAPI kindly provided for our research by Ribbitt ad
Karlsostn Ins., Puowidenee, U.

2. P. s. oymaei, K. noc. img. Science, vol. 22, pp. twit?9, 1960.
3. P. 8. Spnuds, io DiMUIC bases of Stmuteres, AsC3, New Tork,
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DYNAMIC PERFORATION OF VISCOPLASTIC PLATES

BY RIGID PROJECTILES*

by

M. Ravid and S.R. Bodner

Faculty of Mechanical Engineeing
Technion - Israel Institute of Technology

Haifa 32000 Israel

Abstract

A model is formulated for the dynamic perforation of

viscoplastic plates by rigid projectiles. The process is

considered to occur in five continuously coupled but

distinct stages which are amenable to analytical treatment.

An essential feature of the analysis is the use of

postulated, physically motivated deformation mechanisms

in conjunction with the upper bound theorem v, plastts. f

theory which is modified to include dynam*k vtfects.

Special attention is given to the bulging ptocess and

effects associated with the later stages. This model is

self-contained and devoid of empirical factors. It

predicts the exit velocities of the projectile and the

plug and also the plug shape, provides the force-time

history of the process, and describes a number of

geometrical features of the transient and final deforma-

tion state of the target plate.

*The research work reported in this paper has been

sponsored in part by the U.S. Army (European Research
Office, London) under Contract DAJA37-81-C-0047.
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EXTENION01 OF BOUNDARY ELEMENIT METHOD

TO LITING SUBCRITICAL FLOWIS

G.F. Carey and S.W. Kin

Texas institute for Computational mechanicsI

~strac:: The University of Texas at Austin

Abstract

The boundary element methodil is extended here to analysis
ofincompressible flows with circulation r. The Kutta condition Is

appiedIn wodifferent approaches to show how the flow field and
circulation cnbe efficiently determined. Numerical results have
been computed for.RACA 0012 airfoil at an&le of attack ai and com-
puted life coefficient compared with experietal results. A
detailed discussion Is given in [2]. In a second part of the in-

vestigation we indicate how the method may be extended further to
treat compressible flows using a Rayleigh-Jantzen type perturbation

expansion and appropriate divergence manipulat ions to obtain the
desired boundary Integral form. The approach is currently being
implemented In the boundary element program.

References:

1. Brebbia, A. C., Bondry gleamt method for Engineers,
Pentech Press, Lon don , 1978

2. Carey, G.F. and S.W. Kin, "Lifting Airfoil Calculations
Using the Boundary Element Method", submitted to lat. J. *umer.
mlath. Fluids, 192.

3. Carey, 0. V., "Extension of boundary Eleament Method to
Subcritical Fnows", In Proc. *finite glemnts end fluids. Tokyo,
August 1932 (to appear).

-23-

%. W

~ ~~pY4_



APPROXIMATE OCTIUUNATION OF SIUSSES AM~ DISPLACENS

WEAR A ROUS NOTCH - A BUUW INTWGAL APIMCH

Arthur A. PAbiMM
professor Of -Civil I11000rift

University of Illinois at Urba-Cbpaign

ABSTUAWT

The plane elasticity solution for a loanded body beving a notch with

a continuously turning contour will elearly resalt In meom and dis-

placemens seer the notch that awe strongly dpnmt an the destails of

the contour of the notch. Yet, at points in the body situated at a

distance from the notch equal to a large wiltiple of Its whalot -radius

of curvature, the strems.. will be almosrt ladiiwtiiiibe from what

would boaebtlme were the notch shap. A vathad is demeleped maain a
boundary integral equation Vechnique that readily las to solutions

Teprocedome ashe me of earlier wekfor a sMarp otc that

methd. 2eemare sainglarlitie tha et eln enkow odsrb

the behavior now a sharp notch. In the present movIL, inedtfIcatiena of

the earlier tccheiqu are made to arrive at a **rie of fundaetal solu-

tions all of which eatiefy the boundary conditions an the -contour of the

notch. Uscoeff iclents of the series eae generalized coordinates Vhich

are determined from boundary Integral equations.

The method does not suffer from error. due to the cboading ef poiat.

In the highly carved part of the boundary. it baa beein founed to give

accurate and somatically stable reaults with quite smal cemputational

effor.lw

4o4.
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THE METHOD OF FUNYETAL SOLUTIONS MOR ELLIPTIC BNIY VALUE PROBLEMS
G. Fairweather A. L. Johnston
Mathemtics Dep., rtost Computer Science Departmnt
University of Kmntucky University of Toronto
Lexington, KY 40506 Toronto, Canada NSS 1A7

A useful technique for the nmerical solution of certain elliptic
boundary value problems Is the boundary integral equation method (BIEN).
which is applicable when a fundamenital solution of the differential equa-
tion in question Is knon. In this method. such a solution is comined
with the desired solution through a reciprocal theorem to reformiate the
boundary value problem as an Integral equation on the boundary of the
domain of the problem. A boundary method of more recent vintage is the
method of fundamental solutions (IWS), C 1.2]. which has soe of the char-
acteristics of the &IN1, and several advantages over this method. In the
WFS, the desired solution u is approximated Wp a function uN of the form

*NS!r)aI. C~ K(P.% ) , 1p 4

whore n is the domain of the problem with boundary 20, A - - 1
K(PQ) is a funamental solution of the differential equation.
(c, c2. * cN)', and t Is an un-vector giving the coordinateso t1 he SIR-
gularities. Q~.jl..N which Ila outside A. If the boundary Cowdi-
tioms are of Ab e fm 3.-0, one seeks the best approximation

1N(SS;P) satisfying

where (Pip1. 1 is aseotfpoints lying on the boundary 30. This is a
non-linear least squares; mfiniziation problem, which can be solved using
existing softwav. For the solution of Laplace's equation. an adaptive
MPS algorithm bes boen devveped (3]. and many difficult problems, such
as those with discontinous boundary conditions or Involving re-entrant
corners. have been handled relatively easily.

The MFS has several advantages over the BIEN. For example, It does
not require a discretization of the boundary 3a, nor does It involve any
integrations over an. Also the determination of an approximation to u(P),
PaO. requires only an evaluation of the approximate solution u5 whereas
In the DIEM a quadrature Is necessary. Until recently, a serious drawback
of the MPS was that its formutlation for problem other than those involving
Laplace's equation or the Helmholtz equation was unknown. However. a
newly established connection between the WIS and the Indirect 31314 indi-
cates how other problems my be tackled using the MPS. This connection
will be discussed ma the extension of the MPS to the bibarmonic: equation
and problems in plane elasticity described.
1. R. Mathon 4 R.L. Johnston, SIM J. Namer. Anal.. 14(1977), 638-650.
2. R.L. Johnston 4 R. Mabon, Inter. J. Nuoe. Mets. Rap., 14(1979).

1739-1760.
3. S. Ib-Tai, R.L. Johnston & R. Nathan, Technical Report 136/71. Com-

pute. Science Department, University of Toronto.
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Inelastic ktresa Analysis by the
Demiaty Elammet Nfhed

Dept. of Theutinul end Aplied liscbmecs
C@96ell Unieity

The boundry elemt echole for eSOIslIO Of venUe Problem
of ties dependent inelatic isfostie to boies wIll he Poeameted.
th e mmiutimw stilwa mmr accurate eado crewend mPlaticity
const itutive tIrboise with $o"m Vois"" to mufti Material babsvier.

IMe Semeral, solution soo e melts of fowumlstifg the given
problow in ter of reel tims rates. TiMs ae to a Hnoar labme-
gems bondy Value probloo ubish ine solved at ae tie etop
to find the rates of variables of Interest. thee.t - r them
good to IntegAWSe foWIMrd In tie to obtain tiNO-hietseies Of van-
able&-of Interest. An Moler typo Inoglm slwwith autonstic
time-etep cost"Il will he pasemted.

Specific applicatisso of the bousiory elat sothed bons beam
mids to the Sowral WimlasIe Olsoe sttftmo VIA" bomg

lnayutIc sod torsion prbmn. soon morital remete far all
theee prblms wil be puessorted.

A powerful ed Interesting oplcation, of the boundary oiamese
ustbod to imimsatc: fracture socbmje will also to Posese. 71s"
Formlktj= SWMulVe le~oottos of tho integral hornia i. order
to satiety te Vesper baindery eanditomusd e4finseefty at the
crack suface. Some sonevicel reults for We Applicatin will
also he Posessed.
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THE BOUNDARY ELEMENT METNOO FOR ZONED MEDIA WITh

STRESS DISCOINUMITIES AN INTERIOR CRACKS

T, J, hadoiphi
Dept. of Engr. Science and Mechanics

Iowe State University
Am", IA POI11

The boundary element method s It appies to two dimensional elastostatic

probimw Is Impieeee with quadratic variation In boundary variables a&d

geometry. Additional permeoersi afe asseclated with node at segment Inter-

Sect ions to alliow for diseentimmu trations. Supplemntary equations

consistent with I near elasticity are used to augment the regular boundary

Integral equations for certain mixed and 41isplecomit boundary conditions.

Zoning or subregiemaliaation capoblities afe Included to provide solutions

to piecewise ,nonlemegemeens problem or to prolms en regions of Irregular

crack Interaction are readily determined. Example problems are. given to

Ams t rat the accuracy of the technique.
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jeelse V314: VNIN WLI*11313 TU AND PMUSTALTIC

Orgaizer ad Oairpersono N. J. RATE, University of
Dramem. W. Ossamay

Co-Maaperson: P.N.0. AUTI, Usiyersitit Tubingen

*9:30 - 10:0 L. CLLI, A. 11331 and Z. COLLINS, Universits'
tPad Sebatier, trace:
"Arflow lia the Humn Respiratory System - A
Computational Nodal"

*10:00 - 10:330 D. C. wIum. University of Houston:
"Elastic Properties of Collapsing and bpanilag
Airways la-Tivo"

10:30 - 11:00 COFFE Sam1

*11:00 - 11:3 0. N&RIRTZ, University of Hannover, V. Gersmay:
"Peristaltic Flow: Matbsmatical Description end
kerlamtal Verif ication"

*11:30 - 12:0 N. J. RAIN, University of Bremen, V. Germy:
"Peristaltic Flo, of Non-UNwtosiin Two-these, Mixtures"
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AINFLOM 14 7I M uAA spaIPouv SYST A CINPUTITML IOUL

It. tofllis.A. Niidi, C. Colints
IU~ROMM6 Paul Sebotitr

81154 Juhuse ldox (France)

A complete buisush4oq .i1 of the P*Wsftvy sys~m ls deveiWd on
the besis of detailed, anatomical mamsurnts of WrifdeId-ot al. (1971)
and Frodberg at al. (1978). A quesl one- d1mainl -forilation for
the cespWe flutd/wsl inthection is mhesa .mrdea Ily esiog .a moui-
fied two- amnp La uiuwwf fh*t*@- ifference tacme1". Thlis soluti -
on can subsequjently be moed to estimate the regional 4spositton-of fine
sormol particies in Owe -h I am,.
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MLASTIC P&OflrnES OF COLLAPSING AND WCADNG AIWAYS IN-VIWO
Dean C. Winter

Department of Mechanical Engineering
University of Houston, Hlouston, Tx 77004f

The compliance of the airways Is a determining factor In the col-
a" of the airways and also to the airway wave speed,,which is impor-
tat In expiratory flow limitation. We prof syrpre nI-vv

the tobe ignficntl difernt hanfor excised trachea (1). The

od to measure the compliance of collapsing tracheae.
Anesthetized, open chest dogs were Intubated q4cm above the carin"

and ventilated. The upper portion of the trachea was then sealed at
both ends. Volumes of air could be Injected into the sealed segment
and pressures Inside the segment measured. Initial volume was estimat-
ad with the trachea in place after the experiment by measuring the up-
per and lower diameters and length of the sealed segment.

Results for one sequence of pressure-volume measurements are shown
In Figure 1. Beginning at resting volume (zero tranamural pressure) en
Increasing volume of air was Injected Into the sealed segment In 1 ml
Icrements.* The pressure Inside was allowed to stabilize before the

netvolume was Injected. After a maximmn pressure of 162.5 x 10"dysae
Inal volume was reached. Note the hysteresis exhibited by the curve
and that the compliance (as measured by the inverse slope of the linear

porion ofthecurves) is the sae for Increasing and decreasing vol-

returne 2 shows one pressure-volum curve for which the pressure 'ma
retunedto erobetween each volume Injection and for which measure-

mte were taken for both positive and negative trainwal pressures.
Average compliance values for collapsing trachea were higher (28.4zlx
(dynes/ca')-1 ) than for expanding trackea (15.0OxlO'C" dyme/ml)') for

1l dogs. The compliance values for expaift trachea agreed with those
we previously reported (1).

Aeferences: 1. winter, D.C. et al., Ruastic properties of the DSg
track"ea -vivo, 1961 AMU Dimechanics Sypeseim,
Noulder, Co.

100
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Figure 1 Figsr 2 3
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PERISTALTIC PLOW: N&THRUTICAL DESCR.IPTION AND EXPRUNTAL

VURIFICATION

0. Mabrenholtz
Institut flit Mechanik
Univritlt Raunover

Hanover, F& GZMy

Peristaltic flow which belongs to inner bioflaiddynamics is a
most unique transporting mechanism. Ower short distances slimentation
of living calls and taking away metabolic products is caried out
by diffusion and osmotic pressure. But with rising distances in
higher developed animals a directed and controlled flow of the
transporting aolvent is needed. In contrast to technology, where a
huge quantity of different pumpes is used. nature presents enly
a smal variety of puming processes, mainly -im Of tbe heart

and in verua llow rgana the ue of peritage./ AlthseSt the peristaltic motion has been nosfor a les time,
fliiosechamial behaviour wa net investigated until abot tw
decades ago.

modemn mtemtical methods in comination with effeetive cm-
pnteer-estm followed the first reetricted approaches. Preut
height, value flow, velocity die tributioia, stream- ad push-limes

es bae catcalatad for unsymetrical was, bisgher aWLtude
ratios adhigher Reynolds nmbr .I

To verify thee. results. we used an emperiameal set-up, which
models a piamerlowicenities with one maring wnll. Maside the
characteristic figures of the pumping 9vonine dspandleg en the
geometry, the inininn of fluid-perticlns relative to e other is
a meet interesting detail. A hydreswhubble-teeheique was send
for the visualization. The generate bubble profiles ware filmed
by a movie-cmra and RcHEveved to the calculated peel Ilee. as
picturem of stremlimee in the meviag -awe frtom in wbieb the
flow is stationary the beaviour -4 the VemAdary layer is viefle.

Under the effect of inertia and the Presence of an adverse
pressure gradient the bomadry-layer saqeretes, in the diverging
part of the omel. As backf low is obstructedr by this the pressure
height of peristalsis is enlarged.



PERISTALTIC FLOW OF NON-NEWTONIAN TWO-PHASE MIXTURES

Hans J. Rath
Dep. of Mechanics and Fluid Mechanics, Production Engineering, University

of Bremen, D - 2800 Bremen, West Germany

The dynamics of fluid transport by peristaltic motion of the confining walls
has received careful study in the recent literature. Peristaltic pumping is
the comon mechanism for urine transport from kidney to bladder, food mixing
and motility in the intestine, ejection of semen in male reproductive organs,
and egg transport in female fallopian tubes. Technical roller and finger
pumps using viscous fluids also operate on this principle.

We consider the two-dimensional plane peristaltic flow of an incompressible
Non-Newtonian fluid containing solid spherical particles. The traveling Va-
yes are represented by the function h(x,t) = a + b sin(2yr/X (x - c t)) where
a is the mean half width of the channel, b is the amplitude of the peristal-
tic wave, c is the constant wave speed and X is the wavelength. It is assu-
med that the wavelength is large compared with the channel width and the
appropiate Reynolds nuier is smll compared with unity. Furthermore we in-
troduce the wave frame of reference (X,Y) which moves in the x- direction
with the wave speed c relative to the laboratory frame (x,y,t). The variab-
les measured in the wave frame are defined by

iX - x - c t V Y-y ; a- ; P a p ; U Z u - c t ; Up= Up- c t
iV - v ; Vp - V p .

where (U,V),(U ,V ) are the components of the fluid velocity and particula-/ te velocity inthl X- and Y directions, respectively, P is the pressure and
& is the volume fraction of the particles, measured in the wave frame. The
continuity equations and the inertia- free momentum equations for the fluid
phase and particulate phase are given by

a((1-a)U) 3((-U)V)( ) a
aX ++3 n

LF ( - v~U +jO~) 1
- ap+ F (U - UP) - 0 3P + F (V - Vp- 0

where K and n are the parameters of the rheological model and F is the drag
coefficient for the spherical particles. For n - I we have Newtonian beha-
vior of the fluid (K - P). We see that by means of the wave frame of referen-
ce the fundamental equations become stationary. The partial differential equa-
tion system standing above has been solved analytically. Velocity distribu-
tions of the fluid phase and particular phase as well as relative concentra-
tion curves and pressure- flow relationships are given. The results are com-
pared with the case of a single- phase fluid. It will be shown that the pa-
imters K, n, 8, F, the normalized pressure gradient and the dimensionless
time- man flow have an Influence on the velocity distributions and pressure-
flow relationship.
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Session 3W-7: J OCTUM 01 OSITE MAXRLAIS

Organiser and Chairperson: G. J. DVORAK, University of
Utah

Co-Chairperson: R. SCMUR, Monsanto, St. Louis

* 9:30 - 10:00 S. GRAIARI and J. AM]UCH. Drexel University:
"Monitoring Damage Accmlation in Graphite/Polylaide
Laminates During Tatigum Loading Through Acoustic
Eission"

* 10:00 - 10:30 W. L. BtAIIZY and P. S. VANDBEOM, Texas A & M Univ.:
"Mixed rode Delinination Cracking of Graphite/Epozy
Coeosites"

10:30 - 11:00 COF=E BREAK

* 11:00 - 11:30 U. YUC0ZGLU and D. P. UPDIKE. Lehigh University:
"Delam1natiou Fracture in Baded Lanimates and Joints"

11:30 - 11:45 T. R. TAUM and S. AMULATA, University of Keatucky:
"Optimum Design of Coposite Plates"

11:45 - 12:00 J. T. tIM. and B. i. 1WO511I, University of
Waterloo, and K-J. PIMERA, Material Sciences
Corporation. PA:
"Precture Nacbasics of Uemmgeneous Uad Eeterogeneous
Structures Uning lodyne Photoelsaticity"

12:00 - 12:15 V. L SIM end X. L. KE1, tiversity of Colorado:
"On the Existence of ?os-49m6s and tep4kmds in
Periodic Particulate ripomit"

12:15 - 12:30 G. OUDK and C. VILKMM, ftchtaiga Technological
University:
"Nalocatiou in Layered Media"

12:30 - 12:45 R. P. mAN and D. C. CHAN, General Motors Research
Laboratories:
"Surface DINGge of Sheet Molding Compound Panels
Subject to a Point Impact Loading"
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'"onitoring Damage Accumulation in Graphite/Polyiide

Laminates During Fatigue Loading Through Acoustic Eission"*

S. Ohaffari and J. Awerbuch**

This study concentrates on monitoring damage initiation and progression

through acoustic emission in unnotched and center-notched graphite/polyimide

[0/+45/90-4512 laminate, subjected to low cycle fatigue loading. Specimns

were cycled at a frequency of 0.1 Hz and 1.0 Hz up to 5000 and 10,000 cycles,

respectively. The objective of this study is to investigate the potential of

acoustic emission for locating existing damage, detecting and tracking damage

initiation and progression, identifying potential fracture sites and

possibly distinguishing between the major failure mechanisms. Special

IIemphasis is placed on an attempt to distinguish those emissions caused by

newly created damage from those caused by friction among existing fracture

surfaces (delamination and matrix cracking). It has already been determined I
that a significant amount of emission is caused by such existing damage.

Data recorded Include accumulative events, counts, count-rate, and f
number of counts per event as a function of applied load and number of j
cycles, and line location and amplitude distribution histograms of events.

Acoustic emission results are compared qualitatively with visual microscope

observations of the actual damage progression in real time and with the

fracture behavior and deformation characteristics of the subject laminate.

W ork supported in part by ASA Langley Research Center

"Graduate Student and Associate Professor, respectively, Department of
Mechanical REgineering and Mechanics, Drexel University, Philadelphia,
PA 19104
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Mixed Mode Delamination Cracking et Graphite/Epouy Cmosites

Walter L. Bradley and Peter S. Vanierkisy
Mechanical Engineering Department

Texas A G H University
College Station, TX 77843-3123

A new test for studying the atived mode Itmode 11 daimmination
fracture baa been developed. An symetrically loaded double canti-
levered bean (MC), r~sidly supported at the wareeked and, Is tested
with the results analysed using simple bean theory. Superposition is
utilized to separate the lads Into a symmetric coponet p, + p2

and an saey trioE component pl - P2 . Tbs pmr musk I onaw relesse
2+

rate G, is determined using standard DCB analysis for a load of PI 1+p 2
2

pulling the boes *oe The mode 11 energy release rate GTT to calcu-
lasted assuming the two beams are deflected in the som dir&~tion with

0 ~a load of p1 -P 2 . Adjcent to the crack tip the inside slammute of

2
the two beans are in tension end cempressian respecitively, Stiia a pure

shear stre -at the arack tip.GiSA the fraction -of -made 11 enery relases rate 4( imeneses

*fran 0 -to 0. 5, the total ezitical energ velosse vste G fiscreased
tugs 130 j -to 50 j/&2. VrctagraphLc ammjtjan. ,f2Mwsm
indicated incrssing incidence -of 4 scalloping" and fiber breaksge with
imemadn comet 'of' V" The results 4mwe been imnpeeid mo Amly
tat. te effect of inesealin made II sher toL to amtimmly wseet
ifte crack -"m thefibers, the crock appowiky r f iopsope anm
fbs principal moml stress -plin. As ft. crank coma typteatty teek
the fibers, wiamsemds wo be raeassdjmucaesd mo Lmsie with
the asce~crack, giving a fracture surface mth a umboiny sailer to
Mast of a saw -bad"e.
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DELAMINATION FRACTURE IN BONDED LAMINATES AND JOINTS

U. Yuceoglu and D.P. Updike
Lehigh University, Bethlehem, ?A 18015

Fatigue and static failure behavior observed in anisotropic layered
composites such as bonded mlti-layer plates and shells are very complicated.
Several failure modes interact and modify each other in many cases. It is
obvious, then, that the task of including all the failure mechanisms in
an analytical model would be intractable. Therefore, some simplications
in the analytical model are necessary. In the case of bonded multi-layer
plates and shells made up from metallic alloys the dominant failure modes
are usually a mixture of transverse cracking and delamination within the
adhesive layer. Experimental observations indicate that failure usually
initiates from initial flaws and discontinuities where relatively high
stress concentrations occur.

Therefore, the objective of this study is to consider approximate
analytical formulation of the static delamination failure in multi-layer
cylindrical shells starting from one (or two closely spaced) initial
delamination flaw(s). The composite shell is assumed to be under internal
pressure with pressure leaking into both flaws or cavities as in Fig. 1.
The delamination fracture/failure criteria used for adhesive bonded laminates
are mainly S - Criterion (1] and G - Criterion [2]. Since the stress
concentration factors can be readily calculated as shown in (21, the
o - Criterion is employed here. Then Griffith's Strain Energy Release Rate
or G - Criterion yields the critical pressure at the onset of unstable
delamination propagation as

+cr / {21((k 1  1)2 +(,lG) 2 2P 437" - (2[k + k)}= %Po- (1)

where t is the adhesive thickness and B and G is adhesive elastic constants,
and k, is the adhesive normal stress and k29 k are adhesive shear stress
concefitrations. Assuming that y_ for the Mh~ve is known or obtained

experimentally, the critical pretsure P is, then, calculated and plotted
as a function of delamination flaw lengi L( . 1 2 L). Further extension
of the analysis to the dynamic delamtion U ture cases is also discussed.

[1 ShG.. "ratueMechanics ~ --

of Comosite terials" Proceedings - ..
of the First USA-USSR Symposium on 0 -t--- ,-

Fcture of C site MRiga, .
USSR, September 4-7, 1978, pp. 111-130 .
(published by Sijthoff & Noordhoff, h1 " ,4
1979). Fig. 1

(2] Yuceoglu, U. and Updike, D.P., "Multi-Flaw Delamination in Pressurized
Composite Mutli-Layer Cyclindrical Shells," Pressure Vessel Design Symposium
Volume, 1982 ASh National PV & P Conference and Exhibition, Orlando, Florida,
June 27 - July 1, 1982.

-37-



OPTIMUM DESIGN OF COMPOSITE PLATES

T. t. Taudrt
Deperbmnt of EIftewring lhchatics

University of Kentucky

and

S. Mibatle
Institute for Mining and 4inerals Iho ch

Unive rsty of Kentucky
Lexington, Kentucky 40606

Optimm design of lamnated fiber-reWiforced comlmite structuors
entails -a deteruInstian of the nuber of plies end the covespomxng
ply orientatiens. In this paper an optimization procel i s pro-
posed for the design of cposite plain subject to flouwie. Ihe
optimality crfterion cmsidbed ts that of minimum strinmmergy. Ibis
criteron, knom also as the criterion of maximn stiflees [7I, has
been udd successfully for the design of ftiber-$einfeod bm and
pressure vessls [2j. in he case of gitgs I*eyteg te 4v*kdsf-
LOW tbpothesis, Aefw V m ySs is ae out uslq l q Ievieisb-
Ritz method. A q is-t-n ,roodulm is wed for te qp Ho tien
.ith ti fittial -pswt vbtted via a mnd p teiqme. Mhmrical
mults amesemod lor ictenlUor lawtnes possessing a ldae
Vmetry. Isrio m *oMdary "nlii end ,le adi. im~wling 40 -
gigutm FUM ndW* 01toplf to and ftpereture variations, on considered.ffcts+of imposing orientation restriction E3] -M the imlne
dws~iln 90*h,le - wM !d.

1. M. S. Neiq, Pe"a aeafs., ClevWden, 1973.

2. T. R. Tausert, "Optitmm esign of a ft vned Cylnkrical Pres-
sure lsel , joawmz or a jtim ata-wr ., Vol. I p, P. 390-
402, 191.

3. L. A. NcCullers, "Automted Design of Advanced fetpsuft. Struc-
turn", nDutwwZ oiaisma.tam ^ oast, ad. ti L. A. SdhUdt,
ASK publication NO-Vol. 7, 1974.
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FRACTURE MECHANIICS OF HOMOGENEOUS AJND RTENGGKNUS STRUCTURES USING

ISODYNE PHOTOZIASTICITI

Jerzy T. Pindera, Sogdan 1. Krasnowski
Dapartumt of Civil Enigineering

University of Waterloo
Waterloo, Ontario, Canada, N2L 301

and.
Nuaek-Jeray Pindera

Material Sciences Corporation
Gwynedd Plaza 11. Spring Souse, Pennsylvania. U.S.A.

The actual stress states at tips of notches and cracks in plates,
or lamnation boundaries, ore three-dimenIonal and are pronounceably
spatially distributed. to homogeneous materials, the existence of such
stress states Is often overlooked in engineering practf! .e and research,
particularly when the geometry of body suggests the exiotance of a plane

S tress state. In heterogeneous materials (laminated or composite struc-
tures) this prbe smc oecomplicated; hoee.the Influence of

theactalthr-d~manona stessstae o th stuctralintegrity
for these materials is often stronger than for homogeneous materials.

The current experimental methods are Insufficient to verify various
simplified analytical solutions becamse of Inherent limitations, parti-

cularly when employed for heterogeneous materials.
Inest is also Well-known that the three-dimnsilonal strons state influ-

ncsthe crack Initiation and propagation In homogeneous materials; In com-
Posite structures, e.g. connections, the actual three-diumesonal stress4
state can lead to delannations, which are cmesd by the so-called peel
stresses; In the plane stress field approach such stresses are neglected.

It has been shown that the mon-dstructive methods of isodyne photo-
elosticity can he easily applied to detect and to determine the actual
components of the stress states In regions of contacts and cracks.

A problem of great Importance in laminated composite structures Is
the stress redistribution Im the vicinity of cracked layers. Such situ-
ations arise In configurations that include mlema oriented at 90* to
the load axis. That problem to the main topic of this paper.

The actual strews fields determined by the method of isodynes is
compared with various analytical results in order to determine the range
of validity of the idealized mathematical models.

[1) A. Thum, C.Peterson, 0. Svenson, "Deformation Stress,* and Notch
Zfftqt (in German), YDI-Vrlag, inselderi, 1960.

121 .V.YT~ail'ev, A. A. Dudchenho, A. M. Elpat'eskii, "Analysis of
the Tensile Deformation of Glass-Reinforced Ples tics", Makhanika
Polisarov, No. 1, 1970, 144-147.

131 G. C. Sib, "A Review of the Three-Dimensional, Stress Problem for a
Cracked Plate". lant. J. Fracture twecbanns, 1(1971) 39461.

(4j 3. T. Piadera, "Analytical Youndations of the lsodyne Photooasticity",
Mechanics Rlesearch Cammanications, S(1981) 391-39Y.

(5), 3. T. Pindera and S. L. trasnmski * "Determination of Stress Intensity
Voectrs in Thin and Thick Plates using Isodyne Photolosticity", In:
fro_.Up Problep ad Solains a the Eanr Undus~r, edited by
L.. A. UqIme-i, Permm Press Oxford and NWe Tork, 1982, 147-136.
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On the Existence of Pass-Bonds and Stop-BeMds
in Periodic Particulate Composites

by

Vikram K. Kinra and Eric L. Key
Department of Nochanical Engineering, lox 427

University of Colorado, Beulder, CO 0019

It has been shown previously that the dispersion curve for periodic
layered (one-dimensional) and fibroma (two-dimensional) composites Is
characterized by pass-bands end stop-bands. In this workc we demonstrate
experimentally the existence *f the some In two periodic particulate
(three-dimensional) composites: 1) glass sheres (2 mm dia.) in en epoxy
matrix with a (2.54 m) wit call and a volume fraction of Inclusions,

1 3.5%; and 2) steel spheres (1.1 mm die.) In PfluA with a 1.32 x 1.32 x
2.63 mntetragonal cell. and C - 2S.64. Two through-transmission ultrasonic
apparatus were used: 1) water-lmrslen and 2) direct-contact. The
phase velocity, <C,>, and the attenuation, <a>, of longitudinal waves in
the [JODI crystal direction were meesured in the frequency range 0.17
n ! 2.5 MN:. Both the tonsburst (steady state) and the ultrasenic spec-
troscopy (transient) meth<,ds were used.

RESULTS. Let n-kIt d/w - (3d/)nand <ki> d/1wi ed Is the unit
cell dimension and < 1 denotes a copsite Property. The figore shows
three pass-bands and two stop-ben ds. In a layered cempesi te the pass-

bands de not overlap; here, along the C-saxs, they do. The Inset shows
corresponding results for & fibrvas composite 111: the pass-bendS overlap.
The condition C - & positive intoge for stop-bands (enmott for a layered
composite) Is satisfied only approwlsat.Iy. The higher step-botnde, C -3
ait C - 4. are not observed. Mwd Blom Vpns go"r (larger spheres).C - 1
wn observed. C - 2 and C - 3 were not) . We ee.Jecture tt the absence of
higher stop-bends Is due to the emeltetloo of pertl*~ ressneoves which
dominates the lattice resesuncos. 5teelj'P1111 tandem coapesi tes with tOe
same C were iso tested. At very low ad very high 0. <CC1 for the two
casies becoes newrly Identical, <Vn Is generally hlar for tho ree~om case.

(1) N.J. Sutberland end f. Lingle, J. so-
Composite Hartorli, 6,p ~e.
(1972).
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Dislocations in Layered Media
G. Omike and C. Viluann

The stress field due to an edge dislocation is useful in modelling
deformation adfatr hnmn soitdwt opst aeil

112,1 I hi w testress fie d ddtislacset asel a ires funcioe
fo anisltonralyansocitdintegral teuaineayseo solfe innt aiser

trapigh foyrswrdiffrn otlasli canstands cracse ar strde as-
sued torhave inerfces.oeetitefcsweebohtato n

14,1 andu the stes andntionsi oa.ne y Kur an. Dun atrls, th22

21r satess aucind forch of t.e la.yols aybendstructes. 11h17e

41sired, . Kin gehrl. , 44, 92e 19es53.asoite ihilcain

are alof the orde (2/r), Stat. vel fe1. 17 letin 509, 1966.t
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Session U : XpJTA D AMD fiCAl $=UIRS OF
CONSTITUTlIVE IZLAIONSHIPS FOR ANISTUOPIC
SOLIDS

Organizer and Qalarperson: C. I. TAYLOR. University of
Florida

Co-Chairperson: J. der BOVANSIAB, Oakland University

9%30 - 10:00 G. A. COSTEILO, University of Illinois-Urbana:
"Axial and Rotational Response of Wire Rope"

* 10:00 - 10:30 L 2. ROILANDS, University of Wisconsin-Madison:

"Photomechanical Analysis of Diverse Problems"

10:30 - 11:00 COIE BRKIM

* 11:00 - 11:30 J. L. TUR11R , Auburn UnIversity, and J. L. FORD,
Firestone Central Research Lab., Akron:
"Shear Coupling Effects in Cord-Rubber Composites"

* 11:30 - 12:00 S. K. CATURVEDI, University of nlorida-Gaineaville:
"Photoelastic Constitutive Relations for Anisotropic
Birefringent Composites"

12:00 - 12:15 R. LAKES, University of Iowa:!

"Experimental Generalized Continum Mechanics of a
Porous aterial"

12:15 - 12:30 T. B. SZWILSKI, University of Ketuckw:
"Method of Detezining the Anisotropic Elastic bduli
of Coal"

12:30 - 2:00 LUC BREAK
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Axal aed %stational Imepemee of Wire Sops

Goorl A. Cotello
Departmnt of Theeretial and Applied Ihehasics

University of Illinois
104 S. Wright ft.
Trbaosa, IL 61S01

ASSItAM

ase equat ione geweratg the sial and retaiasel rNone Of
give rape own preseted. te plowion awl-Ie eqewtea are
limmised .ind expresions ame prmetd for the mial force soml
the arnie! twisting twisting momet io term of the ernie @train
.ed the soial rtational *traia. The reslts an. applied to a4 *
19 Ieale OW~ wire rope. A load deformation curw for the above
motioned rape io obtained eapeimeftally and the results are
eemared with thoewy.

Ibbart 11. belidU&
Dpetmot of OWirnr-so vehues

Uiversity of Wisconsin
bu~m, Wisconsi 53706

AISIUACT:

Mhetsmmeoac (metrd, bolegrapht, sackle. Thug' s fringes
.ini Pboteelavstiotty) is seed to esslys several coteorary
probleas In engineeing sciece. 21oe eprimmal tochniqumes are
toeqeesPly syneruined wit% inn.!ml an trobsth coeeptse
"teal~ iwelving anisotropy, heterogeeity. aeolitenIty.
efyegae. frocture MAcheic or *Jamie@ are aphesiai.
Somplee are selected from belted joists, used eel pape phyics,

fibre.. esp tis and nerly torp.
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SHEAR COUPLING EFFECTS IN COND-RUUER COMPOSITES

John L. Turner Jobn L. Ford
Dept. of Agr. Engr. 6 Firestone Central Research Lab

Auzburn University, AL 35486 Akron. OH 71917

The shear coupling phenomenon is demonstrated to be significant
and controlling the response of two ply coxcd-rubber composites. Inter-
lawinar shear strain distributions are found to be strongly dependent on
thickness-to-width ratio of the specimens. Two ply specimens become
highly shear flexible as thickness-to-width ratios excee 1/30. Linear
elastic orthotropic, material characterization of cord-rubber composites
is found to be justifiable within limits. Numerical modelling of axis-
ymmetric cord-rubber structures requires a three-dimensional displacement
formulation. Such a model has been developed and experimentally validated.

PUDTOLASEIC CITUTlVI UATIOUS FOR A1ISOTROPIC
IUUUINUT COMPOITELS

Shiva K. Chaturvedi
Department of Engineering Sciences

University of Florida, Gainesville, FL 32611

The theories of photoelasticity for composite materials proposed in
the literature my broadly be divided into two main streRM, namely; the
ad hoc and/or the approach Involving stress-proportioning between com-posite constituents, and the phenomenological one. The ed hoc approaches
appear inadequate In view of their failure In Interpreting unquivocally
the observed isochromatic and isoclinic fringe patterns. While the
later based upon idealization of composites on a macroscopic scale as
anisotropic and homgeneous (optically as well as elastically) appear to
be very promising In providing a rational basis for the photoelastic
Interaction. The above concepts will be examined closely to interpret
a proposed photomechanical constitutive relation with a view to uniquely
determine the number of independent photoelastic constants for a com-
posite and to interpret the effect of initial birefringence upon its
response.

Results will be presented to show also that the composites exhibit
a lower degree of anisotropy with respect to strain-optic behavior than
with respect to stress-optic behavior and isoclinic*. In general.
represent neither the directions of principal stresses nor of principal
strains. Finally, some important deviations from Isotropic photo-
elasticity will be presented.
1. sert, C.. -Theory of Photoelasticity for Sirefringant Filamentary

Composites", Fibre Science and Technolomy. Vol.5, l 97 2 ,pp.1 6 5-17l.2. Chaturvedi, B.K., "Fundamental Conceptsof Phtolesticity for Anis-
tropic Cmosite Materials', Int. J. Sans. Sci., Vol. 20, 1962,
pp. 145-157.

3. Agerwal, S.D. and Chaturvedi, S.K. * "Exact and Approximate Strain-
Optic Laws for Photoelastic Composites", Polymer Composites (to be
published).



EUJJWTAL GENERALIZED COTINUUM MCHANICS
OF A POBOUS ISThILA

Roderic lakes
Division of Materials Engineering

Colleg of lingiseting
University -of left

lows City, lo

A porous polymeric foam material with cell aso - 1 us is exemimed
experimentally with the a of characterizing It as a Ssmealised
continuum. Ceeserat (micropolar) sad microetructure (micremerpIc)
slastieLo7 theories are considered as possible Swuralsed ceetium
muels. Te follaowig experimental mathsds sure used; (1) queaeitatIc
tension * torsion,* and bending of cylindrical rods of different sizes, and
(11) propagation of compressional weves. Used weight loading was used to
achiev tension and a iceroscope was used to measure displaement*. Per
torsion and bending, the Interaction between a Hololts coil mo a
permaert magnet generated the torque. moad a laser am ueed to masure
the angplar displacement. l1bs queeiatatic expermanas are sufficlent to
detendie all six elastic conate of anisetrepic uIcepelar material.
The wave.ezperimsmts weveal its afcromsphl ic igree of twseism, if soy.

In 4quewseatic torsion. the expermotal 4sta are fitted sell byIoosing a *bow mWadls G -0.4 W/n 2 , 4, @ajer ratio # a 1. 5, a
chectecietic 3mqth In torsion At - 3.8 -ma 4=d a couplng numer 92

0.09. In soetv., she msse" voof'A we~wls to It - 143 w/ni, md v-
0.07. $Laos - 20(1 4. V) AS In the 41OLstol caes, I besed on 6 and v
should be 1.W1 6amF2. & matsuge"r qren ut" 1K smamsi AIrecty
In somei"&. ar boIn., the data aitWt be fiteed aOSS k by b~A
thisetieal Afctasber ow-. er "aroe Assmter caem" t
euperieata Voeis ame ammassteat with #2 _ . Z 0.09, *And theA
chaemterletic: Awath so 4oiws 4b - 5 in. 1- mal &r diamater
epasimsw in Aeplmat to 4"t Is Oeead Oy wiLcTePobe theory.
To plou the peeahbllJfty taet the saterwa soy Joa Aftraworphic
degrees of freedw4s, wav -operimnt were alee Aeee. A ebarp *saff of
waves we observed -at 10 Wks. The metef It tee abrupt to .be
relaZat&ma An AstUre., bet 16s conSistent 41k 4a e0uPLig Of the ADOWALic
wav with staro-vibeatieos.

In osslUsion, the ton Is descriheble mna 'clsaleel osetima for
specimse almters Sooer tha 60 sm. Coeeoat ilasteti Is sa
appropriate cotinuum moel for dameters 40 van to 26 sm. sVoineteme
from Cseseirat elasticity are observed In beading of roe with diistr 20
me Or lees. Un Uave propagtion amyorimnt, uicemerphic Offeea ste
observed for wevalengtbe of the erder 25 sm. Wferemric degres of
f reedom my be responsible for the quseistaxic results in the boediftof 1
thin rods.



Method of Determining the Anisotropic Elastic Moduli of Coal
by Tony B. Sawilski, Department of Mining Engineering, Univer-
sity of Kentucky

ABSTRACT:

Under a project funded by the Department of Energy, a stiff multi-
axial compression cell has been designed to allow 30.5cm (12 ins.) cube
specimens to be loaded in compression, Figure 1. The principal objec-
tive of the research program is to determine the elastic constants of
various coals by static methods. In addition, these elastic properties
will be correlated with the structural properties of the various coals
in search of valid connections between elastic moduli and other more
readily determined material properties. The main research effort is
establishing a theoretical relation between load and deformation in a
molecular solid whose structure is intermediate between the rubbery en-
tropy dominated, random chain configurations treated by Flory Cl 3 and
the elastically stiff, bond energy dominated, linear chain contigurations
treated by Treloar [2].

Figure 2 shows the test specimen, loading configuration and deforma-
tion gage schematically. The specimen is 30.5cm (12 ins.) cub and has a
3.81cm (1.5 ins.) cylindrical hole drilled through its center. The cube
faces are loaded by principal stresses o, o2 ,and 03 by means of flatjacks
and the corresponding radial displacements are measured by a United States
Bureau of Mines gage [3 which is emplaced and positioned in the cylindri-
cal hole by means of a placement rod. An existing theory [ 4 ], relating
the radial displacements in a cylindrical hole to the transverse principal
stresses in an elastically othortropic material, gives an adequate account
for material anisotropy. Based on this theory a solution has been devel-
oped to determine the elastic moduli perpendicular to the centrally drilled
hole.

REFERINCES

E1] Flory, P.J., 'Statistical Mechanics of Chain Molecules', Trans.
Faraday Soc. 57 829 (961), Interecience 1969.

C2] Treloar, L.R.G., 'The Physics of Rubber Elasticity', Oxford, 1958.

C3) Hooker, V.E., at. al, 'Improvements in the Three-Component Bore-
hole Deformation Gage and Overcoring Techniques', USD4, RI 7894,
1974.

[4] Becker, U.N., Hooker, V.1., 'Some Anisotropic Considerations in
Rock Stress Determinations', USBM, RI 6965, June 1967.

• rome o . , 'I mI

Fig. 1 Fig. 2
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Session WA-I: CONTWUK TIUMDTNICS

Organizer and Chairperson: D. E. CABLS(. University of
Illinois-Urbana

* 2:00 - 2:30 B. D. OL4MAN, Carnegie-Mellon University-
"On the Thetmodynamics and Statistical Mechanics of
Second Sound in Dielectric Crystals"

* 2:30 - 3:00 J. S. DIUN, Virginia Polytechnic Institute and State
University:
"Dynamic Implications of Gibbs' Stability Criterion"

* 3:00 - 3:30 R. L. lOSDICK, t iversity of Minnesota:
"Equivalent Extrm Problems In Classical Therostatics"

3:30 - 4:00 fEFIESUMIT BREAC

* 4:00 - 4:30 D. R. OWE, Caruelie-Nallon University:
"The Role of the Concepts of Accessibility and
RestorabIlity in the Fouadations of Tharmodynamics"

4:30 - 4:45 C-S. NO, The University of Ns:ntoba:
"Solid-Fluid Transitions in Umail Creep Tests of
Nonlinear Viacoelastic Materials"

4:45 - 5:00 S. J. SPZI[(O, Southern Illinois University:
"on Gibbs Stability in the Classical Theory of Fluii'
mixtures"

5:00 - 5:15 V. DEC=, 1. ULLR, and P. STLu, Technisehe
Universitit ftbr, W. Gerawny:
"A Study of Equilibria of Interconnected Balloons"

5:15 - 5:30 A. N. MAMLE, Universita di Catania, Italy:
"kpertaesste and Extended Irreversible Thermodynamics"

5:30 - 5:45 1. BO , Middle East Technical University, Turkey:
"A Themmodynamic Development of Gsneralised Fourier
and Ohm Conduction Lam for Anifotropic Materials"
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On the Thermodynamics and Statistical Mechanics of
Second Sound in Dielectric Crystals

Bernard D. Coleman, Department of Mathematics,
Carnegie-Mellon University, Pittsburgh, Pa. 15213

In another talk at this meeting David R. Owen will
describe work we have done with Mauro Fabrizio which yields
the restrictions that the second law of thermodynamics
places on the constitutive equations commonly employed to
describe second sound in dielectric crystals. In that work
we show that in the temperature range in which second
sound occurs, the constitutive equation for the
internal energy E must contain a quadratic form in the
heat flux q, and this quadratic form is determined by the
temperiture'dependence of the tensor 7, defined as

= 5- , with X the steady-state thermal conductivity
tensor and % a tensor introduced by Pao and Banerjee,
whose components are relaxation times for resistive
processes that cause damping of second sound. (Under
appropriate circumstances the velocity U of second
spund propagating in a direction I obeys the formula
U=a. -71/c with c the equilibrium heat capacity.)
In this talk I shall show that an elementary statistical
mechanical argument, based on the phonon picture of thermal
excitations in dielectric crystals, yields an explicit
formula for the dependence of E on q, and this formula
agrees perfectly with that obtained frau continuum thermo-
dynamics. Moreover,when the results from continuum physics
and quantum statistical mechanics Ire combined, one obtains
an easily evaluated formula for - (and hence a formula
for U) as an appropriately weighted sum of tensor products
of phonon velocities.

oI
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Dynamic Implications of Gibbs' Stability Criterion

by

J. E. Dunn

Department of Engineering Science and Mechanics
Virginia Polytechnic Institute and State University

Blacksburg, Virginia 24061

The (thenmostatical) idea of Gibbs that states which under isolation

maximize the entropy (i.e., Gibbstan states) should, in som sense, be

"stable" is examined within the context of modern thermodynamics. Precise

conditions are given for the Lyapunov stability of (i) a broad class of

uniform (one phase) Gibbsian states, and (ii) those non-uniform (multi-

phase) Gibbslan states that satisfy a mathematicelly precise fer of the

Phase Rule. Our results depend in a craucial wy on crta$ growth con-

ditions for the energ-entropy-volume surface characterizing the qaulb-

rium states of tie material, but are relatively insensttive to its detailed

danamical response. Me thus expect our iesWt to be applicabe to a

very broad class of muiemtais.

Our methods buil on and extend certain result -of J. Erktee,

B. Coleman and J. Greenberg.

-50-
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I
Equivalent Extre-um Problm in Classical Thermostatics

Roger Fosdick
University of Minnesota
Minneapolis, MN 55455

In classical thermsotatics there are several fundamental
p.zoblems of minimization and maximiation that generally are
considered to be equivalent. These equivalences. however, are
not without certain conditions, and it is the purpose of this

talk to discuss such questions.

The Role of the Concepts of
Accessibility and Restorability

in the Foundations of ThermodynamicsI ' by

David R. Owen

Department of Mathematics
Carnegie-Mellon University
Pittsburgh, PA 15213

Recent developments in continuum physics support the idea
that the concept of state in themodynamics be broad enough to
include scalar and tensor fields on a three dimensional body
and time-histories of a material element. In order to implement
this idea in the context of thermomechanics, one must examine
various notions of system in terms of the collection of states
and the class of processes which can connect pairs of states.
In this talk I consider several definitions of stem appropriate
to both classical and modern applications, and how the
concepts of accessibility and restorability play a key role in
the formulation and analysis of these definitions.

-Silk
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Solid-Fluid Transitions in Uniaxial Creep Tests

of Nonlinear Viscoelastic Materials

Chi-Sing Man
Department of Civil Engineering
The University of Manitoba
Winnipeg, Manitoba
Canada R3T 2N2

Abstract

Depending on the temperature e and the stress level a,

some materials (e.g., frozen soils) manifest qualitatively

different behaviour in uniaxial constant-temperature and

constant-stress creep tests: for some (e, a)'s, the creep

ultimately becomes damped; for other (6, o)'s, the creep
eventually becomes stationary. We say that a material is

in the solid phase at (e, a) if in c-lep tests at the given

temperature and stress level the rate of strain c(t) - 0

as the time t * ; it is said to be in the fluid phase if

i(t) - constant # 0 as t * -. For each material capable

of such change in behaviour, the e-a plane thm exhibits
a- phase diagram. We prove several "generic" results

regarding tlfe solid;-fluid transit'lob A£d afch pbase

diagrams. These results are "generic" in the followlng

sense: when the set X of all mater ials that are capable

of sawh transitions in equipped with a suitable topology,

our results fold for an open and deuce subset in X.

jhr"
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0U GIBBS STABILITY IN TU CIASSICD.
TUOM OW FLUID InMRIm

Scott J. Spector
Department of Natheaatics

Southern Illinois University
Carbondale, Illinois 62901

Consider an inviscid fluid mixture composed of N + 1 gonstituents.
A bimr ous *Rte q of such a mixture s an N + 2-tuple Q -
( , Pu ..... sp ) consisting of the pressure, temperature, and the
reduced chemical potential of the first N constituents.

Gibbs analyzed such mixtures and concluded that the state 0 is
stable under isolation if

0(Q) - ri \P+~(q) _'m (a)c(d + n(d) +v)

for all homogeneous states a. (Bare, crv. and Vare the energy.
entropy, specific volue, and mass flux respectively.) DiS argument
was based upon static considerations and the precise relation of Gibbs'
criterion to dynamic stability was unclear.

Recent works In thermodynamics have considered the dynamic
implication of stability under isolation and proven that Gibbs'
criterion is sufficient for dynamic stability. These wrks did
not address the question of necessity. Our purpose is to give an
elenentary proof of the necessity of Gibbs' criterion.

We use the second law of thermodynamics as a basis to prove
that

if Gibbs' criterion fails at a state

then j is not dynamically stable.

in the sem of Lypmiov In the L'(s) topolow .

A STUDY OF WILIIIA OF UIIUD CIC1TED DILLUOUS

V. Dreyer. I. 3El1re and P. Streblow
Fachbereich 9 - Uermmn-fttlagr-Imtitut

Teehneisbe Un ersitet
Berlin, V. Germany

The equilibris of two balloons connected by a pipe
are systematically studied. This case provides a son-
trivial occasion to Illustrate that unstable tbeodynamic
states may be stabilized by a ch e of envirosmest.
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EXPERIMENTS AND EXTENDED IRREVERSIBLE THERIDOYNMICS

Angelo Marcello AMILK, Seminarlo fatemtico Universiti di Catania, Citt&
Universitaria, Viale A. Doris 6 - 95125 CRTANIA (Italy)

It is welh known that in gaadynamics the Navier-Stokes constitutive
equations for the viscous stress and the Fourier law forthe heat-fluxvector
fail in those cases where rapid macroscopic changes occur, such as for
high-frequency sound waves and for stkong shock waves [1]. In these situ&
tions it is customary to resort to kinetic theory. Howvr it is of some
interest to investigate whether modified constitutive fluid equations might
provide an equally acceptable description as kinetic theory. Modified con
stitutive equations for fluiddynamics have been put forward by Waller [2T
in the framwork of extended irreversible thermodynamics. These equations
of the ... ler type have the pleasant feature of leading to finite wave
speeds for thermal pulses and acceleration waves, at variance with the
avier-Stokes and 3urier laws.

The propagation of small acoustic disturbances in a monatomic gas in
the f4amework of mOiler's theory has been studied by Anile, Dixon and Plu
chino [31 and the results have been comared with the experimental data T4].

The problem of the slok wave structure has been studied for a monoato
mic gas in Haller's theory by Anile and Majorana s] and the results have-
been comared with the available exprimtal data (6).

[1] C. Cercignani, Theory~ and applioation of the Boltm'ann equation, 3dq
burgh, (1975).

23 1. Maler, Z. far Physik, 198, 329 (1967).
3] A.N. Anile, W.G. Dixon, S. Pluchino, Abu* Rcd*e in gadynmies with

g .nalized oonstitutive equations. preprint, W&ive st-y of Catania,

(1902).

[14] i. Greenspan, amnmia ion of sound waves in gas, at Per& Zow pres-
eta.e, Physical Acoustic, vol. 2A, New York, (196S).

[5] A.M. Anile and A. MBjorana, Shoek Stvwtua jv het aond tipV and
[6) a. schaimdt, J. Fluid Nec., 39, 3s1, (19a9).
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A THECNOOYMIC DEVELONIENT OF IENERALIZED

FOURIER AND CN CONDUCTION LAWS FOR AHISOTROPIC MATERIALS

Dept of Eung. Scie., Middle Nast Tochnical U e ty, A ra, fkev-

This paper aims at investigating a systematic and rational approach to the

formulation of generalized Fourier and Ohm Laws in the framework of classical

continuum mechanics. With the use of the thermelectrical equilibrium state

and of the extremm value for dissipations of energy per unit volume and time,

a set of rather general constitutive equations involving several magnetothermo-

electric effects in rigid anisotropic solids are derived and certain restric-
tions on the material tensors (moduli) are explored. From these general equa-

tions, the Maxwell-Cattaneo equation for heat conduction and the Nowtonian-Ohm

law for electrical conduction com out in a natural way if the coupling terms

are neglected while the material being isotropic. Thus the foresaid empirical

equation characterizing certain relaxation pheomena i. the conducting materi-
als are now justified on thermodynamic grounds as wll as they are generalized

for magntothermoelectrical anisotropic and ishomogeneous materials.

In h tderivation of the generalized equations, it is that there
mdat mot six ineenet mtria teor to desrithe th mloctrical

relaxation phnmn whe a 1Inr contitutither is taken ito accout.

For the materials, which are rather simple not having certain effects, the
nubr of th mtrial tonors reue either four or tw d 1 p iguo h

assutions. In particular, it Is epasized that the governing equations of

either thermally conducting or electrically conducting solids give rise to the

propagation of heat and / or current pulses with finite speeds since the

theory leads to a set of hyperbolic POE's.

Furthermore, the set of temporal evolationary relationships is expressed
in the form of integral equations. It is of interest to note that these

integral equations are equivaleht to that of the constitutive theory based

on the axiom of fading mwwr. It is also worthwhile to mention that the equa-
tion of electrical conduction is in agreement with the results obtained by

means of the special theory of relativity. Finally, the theory developed for

the general anisotropy is applied to special cases, materials with higher *

order setries and materials not having certain effects.

-'5-
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ABSTRACT

IMPEDANCE AND SOWUND ABSORPTION CHARACTERISTICS

OF A FLEXIBLE POROUS MEDIUM

I Donald B. Bliss, Assistant Professor
Senson H. Tongue, Research Assistant

Department of Mechanical and Aerospace Engineering
Princeton University, Princeton, NJ 08S44

A fundamental study of the acoustic-structural interaction of an elas-
tic layer of porous material backed by a rigid wall has been conducted.
Interest in this problem started from experimentally observed irregu-
larities in the low frequency impedance curves of sow porous materials.
Coupled wave equations describing the behavior of both the fluid and
solid media have been derived and solved subject to the appropriate
boundary conditions. The coupling occurs through viscous ad virtual
mass terms arising from the relative notion of the two media. The
important effect of structural damping has also been included. Com-
puted results for the impedance and sound absorption coefficient are
presented in a general manner in terms of the sets of relevant nondi-
mensional parameters of the system. A detailed physical interpretation
of the results is given and it is fcund that many features can be ex-
plained in terms of the behavior of a simpler model problem. The
interesting behavior of the system is related to the occurrence of
resonant conditions in the fluid and/or solid media. For instance,
it is found that the sound absorption coefficient exhibits a compli-
cated behavior near the structural resonances, with sinimis occurring
at the resonant frequencies.

-57-
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TWO MOWDLS FlM 13 SOUMD TRA S IISSION

TUOUGM LAMIRATD COSITE PAE EL

by L. R. Kral
Department of Mechanical & Aerospace Engineering
University of NIsaouri-lolla, o1lla, MD 65401

Two models are presented for the sound tranmission through a lam-
inated composite panel. The first model considers an infinite composite
panel subjected to a uniform distribution of oblique plane waves. The
transmission of a single oblique wave is determined first, and from this,
the field-incidence transmission lose of the panel computed. The panel
consists of an arbitrary number of fiber-reinforced lamintes, with each
laminate having an arbitrary orientation of its fibers. The effect of
different fiber orientations is numerically studied, as is the effect of
noise insulation treatments, on the tranmission lose of the panel.

The second model deals with the sound transmission through a finite
composite panel into a finite receiving room with hard side malls and an
abeorbent rear wall. This model is an attempt to model the AMIi) Uolee
Effects Jranch noise transnission teat facility at NASA Langley Research
Center. The effects of fiber orietation and Insulation treatments are
examined for this model, also.

The two models are compared with each other, as well as with eaper-
fmetal data obtatmed by NASA.

-55-w
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I
Sound Transmission between two enclosures which

are bounded by a flexible structure

By A. Craggs

Dept. of Mechanical Engineering,
University of Alberta, Edmonton

Alberta, Canada

The paper is concerned with sound transmission between two small
acoustic enclosures bounded by a flexible resonant structure. The
problem is expressed first as a free vibration problem in which
damping is neglected and then forced vibration under the influence of
sound absorption will be considered.

Frequently the acoustics of enclosures is treated In terms of
hard walled modes and it is assumed that the natural frequencies are
not affected by the presence of the boundaries; this Is true in many
cases. However, when the boundary is flexible and hAs natural frequen-
cies in the same range as the enclosure then several unusual phenomena
can occur. Firstly, resonant modes exist which have nodal surfaces of
pressure close to the boundary - implying that the boundary is soft
rather than hard. Secondly, due to the coupling between the structure,
twin modes exist in one enclosure. These have the same shape but
different natural frequencies.

In the paper a finite element model is used to calculate the
eigenvectors or transmission modes of the complete system and
consequently explain the above phenomena. The model is then used to
calculate the sound transmission from one enclosure to another when
absorbent linings are present.

f
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AUTOMOBILE INTERIOR NOISE PREDICTION USING A COUPLED
STRUCTURAL-ACOUSTIC FINITE ELEMENT MODEL

D. J. Nefske and S. H. Sung
General Motors Research Laboratories

Warren, MI 48090

Interior noise in the automobile passenger compartment can result
from road and powertrain excitations transmitted through the vehicle
structure to the compartment cavity. To reduce this structure-borne
noise at the design stage, It is helpful to employ analytical methods
for modeling the vehicle and predicting its response. Among these ana-
lytical methods, the finite element method has been the most successful
for modeling the complex geometry of the automotive structure [I] and
the interior passenger compartment (2.31. Previous applications of the
finite element method to the passenger compartment have included the
prediction of both the free and forced acoustic response of the compart-
ment. However, in these studies, the vehicle structure model was not
coupled with the acoustic compartment model, and dissipative effects
were not considered in the acoustic analysis.

The present paper employs the finite element methodology to develop
* coupled structural-acoustic model, including dissipation, for vehicle
interior noise prediction. In this development, the finite element
equations are first formulated for coupling an acoustic cavity with
surrounding wall panels, where acoustic and structural damping are
included in the formulation. Then, the reduction of this large system
of coupled equations In terms of its modal parameters is described. The

{ paper also describes the implementation of this coupled analysis within
the framework of a commercially available finite element code (NASTRAN)
and the solution procedure.

As an example, a coupled structural-acoustic model is presented for
the automobile passenger compartment. In this model, three-dimensional
acoustic elements are used to represent the passenger compartment cavity,
which are then coupled according.to the formulation with a structural
finite element model of the vehicle body. This coupled model Is used to
predict the interior acoustic response for forced harmonic excitations
applied to the vehicle structure. The structural modal participations
contributing to the acoustic response are Identified from the model.
The accuracy and limitations of the model are discussed, as well as the
importance of Including damping in the model.

(11 Rowel, Mt. ft. end Wolf, Jr., J. A., ads. Mtodern Automotive Structural
Analysis. Van Nostrand Reinhold. New York, 112.

11) Nofske. 0. J., Wolf, Jr., J. A., and Nowell. L. J., "Structural-
Acoustic Finite IElement Analysis of the Automobi le Passenger
Comrtment: A Revie of Current Practice." Journal of Sound and
Vibration, Vol. 80. No. 2. pp. 247-2"&, 1982.

[]Sungl, S. M.. "Automotive Aplications of Three-Oimonsioool Ac:oustic

Finite Elements," Society of Automotive Engineers Paper 810397, 1981.
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CABIN NOISE CONTROL FOR TWIN ENGINE GENERAL AVIATION AIRCRAFT

Rimas Vaicaitis
Professor, Civil Engr. and Engr. Mechanics Dept.,

Columbia University, New York, N.Y., 10027

An analytical model has been developed to predict the noise trans-
mission into the cabin of a twin-engine G/A aircraft [1. This model
is then used to optimize the interior A-weighted noise to an average
level of 85 Mh. The basic concept of the analytical model is that of
modal analysis wherein the acoustic modes in the cabin and the struc-
tural modes of the sidewalls are accounted for.

The noise input pressure due to propeller blade passage harmonics
is expressed in the form of a propagating pressure field wherein noise
spectral levels measured under static test conditions are used. The
cabin interior is treated as a rectangular enclosure. The sidewalls
of the aircraft are modeled by several discretely stiffened panel
units. Transfer matrix technqiuss are used to calculate the natural
frequencies and normal modes of the skin-stringer panels. The addi-
tional noise losses due to cabin sidewall treatments which do not have
a direct effset on the structural dynamic characteristics of the skin-
stringer panels are estimated by the impedance transfer method.

To reduce the average noise levels in the cabin from about 105 dNh
(baseline) to 85 dNA (optimized), add-on treatments which do not in-
volve changes in the fuselage primary structure are used. The add-on
treatments considered in this optimization study include lightweight
aluminum honeycomb panels, constrained layer damping tapes, porous
acoustic blankets, septum barriers and limp trim panels. The added
weight of the noise control treatment is about 1.1% of the total gross
take-off weiglit of the aircraft.

References

1. Vaicaitis, R. and Slazak, M., "Cabin Noise Control For Twin angine
General Aviation Aircraft," NASA Contract Report 165833, 1982.
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ACOUSTIC RESONANCE IN HEAT EXCHANCER TUBE BUNDLES

R. D. Blevins
General Atomic Company

San Diego, CA

Many gas-cooled tube-and-shell heat exchangers emit an
intense acoustic tone when shell side flow is brought to a certain
level. The tone then persists as flow is varied. Sound levels
as high as 165 db have been measured inside heat exchangers
ranging from small process units to nuclear reactors and utility
power boilers (Refs. 1,2). The sound is thought to be the result
of periodic vortex shedding from the tubes at a frequency which
coincides with the natural frequency of an acoustic mode within
the heat exchanger shell.

The sound within the heat exchanger shell is described by
Lighthill's equation for aerodynamic sound:

a~p 3 3 2

2 c2V2p Pc 2 7 1 2

at 2  i-I J-I axiaxj
Sound propagation through a tube array is analogous to propagation
through an array of small scatters (ef.3). The speed of sound is
slowed by the presence of the tubes, damping is increased, and the
effective density is increased. The neutral acoustic modes within
the heat exchanger tube array are coupled with the modes of the
entrances =d exits, which are free of tubes. Thus, either
numerical or matching solutions are required for the acoustic mode
shapes.

The amplitude of the acoustic wave is sought by solution of
the modal equation

(1-O)v Yr + Rr~' + P _ c2  V# tdPr +tube m

Here R is a dmping factor and F' is the force exerted on the
fluid ly a tube. F may either ret!rd the acoustic wave or impell
it, depending on tAe phase of the force with respect to the
acoustic mode *r "

Tests on a variety of tube bundles in a rectangular shell are
planned to measure the acoustic modes and the onset of resonance.
A criterion will be established to differentiate between array
geometry and damping that lead to resonance and those that are
free of resonance.

Cohen, L.J. and W.J. Dean, "Elimination of Destructive Vibrations in
Large Gas and Oil-Fired Utility Units," J. Ens. Power 87, 223-228
(1965).

Blevins, R.D., "Flow Induced Vibration in Nuclear Reactors: A Review,"
Frog. M .. lnr_. 4, 25-40 (1979).

Kristianmea, V.R. amd F.J. Fahy, "Sound Propagation and Energy
Disuipatien in Flow Through Arrays of Smll Scatters," J. Sound.
TO.32 189-16 (1974).
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NOISE REDUCTION CHARACTERISTICS

OF VARIOUS TYPES OF GENERAL AVIATION MATERIALS

Jaap Lamdris, Ramasamy Navaneethan and Jan Roskam

Flight Research Laboratory, Center for Research, Inc.

University of Kansas, Lawrence, Kansas 66045

This paper describes results of recent tests at the KU-FRL* acoustic
test facility to determine noise reduction characteristics of stiffened
aluminum panels, fiber-reinforced laminated panels, and comercially
used general aviation aircraft interior trim panels. The tests are part
of a continuing effort at the KU-FRL to document noise reduction charac-
teristics of panels and materials used in general aviation aircraft.
Previous results are sumarized in References 1-3.

Tests were carried out on 20"x20" panels in a frequency range of 20
to 5000 Hz. The noise sources used were a swept sine wave generator and
a random noise generator. The angle of sound incidence was maintained
at 90". Typical parameters varied for the stiffened aluminum panels in-
cluded curvature, constrained layer damping, percentage of area covered,
pressurization and addition of sound absorption material. In the case
of composite panels, effects of ply orientation and stiffeners were
studied. Twenty-two different trim panel combinations were tested.

Results of varying each of these parameters on the noise reduction
characteristics at selected frequencies are discussed. In general,
pressure differentials across a panel will increase noise reduction at
low frequencies. For curved panels, noiae reduction at higher frequen-
cies will decrease in value with increasing pressure differential. The
effect of a damping layer as found to be small in the non-resonant re-
gion. At high frequencies, increase in noise reduction is of the same
magnitude as the increase due to higher surface mass density.

Composite laminated panels exhibit greater low frequency noise re-
duction than conventional aluminum panels. However, at high frequencies
they follow the mass law.

The efficiency of the trim panels is discussed as a function of
surface mass density. Doubling the core thickness of sandwich panels is
more beneficial than increasing the thickness of the skin layers.

References

1. Roskau J.; Grosveld, F.; van Aken, J.; "Summary of Noise Reduction
Characteristics of Typical General Aviation Materials," Business
Aircraft Meeting, SAE, Wichita, Knsas. April 1979.

2. Grosveld, F.; Navaneethan, R.; Roekam, J., "Noise Reduction Charac-
teristics of General Aviation Type Dual Pane Windows," AIAA Aircraft
Systems Meeting, Anaheim, California, August 4-6, 1980.

3. Grosveld, F.; Navaneothan, I.; Roksam, J., "Smmary of Typical Pa-
rameters That Affect Noise Transmission through Typical General
Aviation Aircraft Panels," Businese Aircraft Meeting, SAE, Wichita,
Kansas, April 1981.

*University of Kansas Flight Research Laboratory
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OPTIMIZATION OF DYNAMIC STRUCTURAL SYSTEMS

W.D. Pilkey
B.P. Wang

Applied Mechanics Division
University of Virginia

Charlottesville, VA 22901

This paper presents several optimization formulations based on

a scheme for the efficient reanalysis of large systems. The formula-
tions can be used to solve a variety of dynamic response problems,
including the modification of systems to reduce the response and the
design of systems to achieve prescribed response characteristics. One
problem treated in detail is the optimal vibration reduction over a
frequency range. The reanalysis methodology provides the opportunity
to handle large scale versions of the familiar single mass tuning
problem. Another problem is the design of damping controllers for the
modal vibration control of large structures. A two-stage optimization
procedure Is proposed in which the optimal controller locations are
chosen independent of the optimm gains. An eigenvalue separation
hypothesis is presented for the optimal location stage.

p- vs. h-Versions of YEN in Design Synthesis

P. K. Basu
Associate Professor of Civil Engineering

D. Vasilopoulos
Graduate Research Assistant

Washington University
St. Louis, Missouri 63130

For a successful synthesis of the structural design process it is

necessary to combine a reliable analysis tool with an efficient opti-
mization scheme. The most popular analysis tool Is based on the finite
element method, which can he used in two modes, one Is the h-version

and the other p-version. The superiority of the p-version of the FIN
in terms of convergence characteristics, reliability, end insensitivity
to input parameters has been established both mmerically and analyti-
cally. Also, this version is better suited to an adaptive scheme which
is a desirable feature. The results of numerical experimentation to
demonstrate the performance of the p-vorsion of the IM in design
synthesis are presented and compared with those obtained by using the
h-version of the Il The optimization tool used for this purpose was
the NASA's prorani N.
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Continuation and Derivative Update methods
for Enhancement of Parameter Optimization Algorithms

John L. Junkies

Virginia Polytechnic InstituteI
Blacksburg, Virginia

A large family of Iterative eptialsatien ethods (those based wpom
successive local linearizations of the penfesuance iadox end constraint
functions) suffer from two coomae drawbacks: (1) obtaining "sufficiently
good" starting estimates to ensure convergence of the Iterations and (2)

the repetitive expense of calculating certain partial derivatives end
solving certain linear system of algebraic equations. The presenc *
paper details results which, for most problems and meat optimieetion
algorithme, significantly enhances both reliability and efficiency

Continuation methods (also known as "hemotepy mothods" * and "labaid-
ding algorithms"), are used to lobed the original nonlinear problem Into

a one parameter faily of problm. The family is constructed In such
a fashion that it has at least one "si.ls" probiss ahase solution Is
available without Iteration, the one-parameter family of preblems is
constructd such that a - 0 causes the famly to degenerate continuously
into the simple problem, while a - I causes the family to reduce to the
nonlinear problem Whose sotion is seught. Sy netting a to A sequence
of values, by salving each of the sequence of psoblaaOos can lawUZ
that arbitrarily Seed starting istatives, a"e Available for sea problem
In the sequee; the converged Intermediate problem sloply serve as
"stepplag stanes" (a hanoopy chain) to provide, ultimately, arbitrarily
close startifg itetatives for the problem of Intereat. Unept for

certain rase singuar events (e.g., bifurcation pos, this approach
bee baes fon to he rather versatile and reliable. It appliea, :in
prieigl, to all parameter optiiatian oaleiw.

Mie aleco eseider methods far eppremimately updatift available partial
derivatives based opon the nonlinearly -ovalmaed ehaqgs ubish oceur In
the objective amd constraint feactems an seassive -tostlems, Ine lieu
of foml re-evatuetien msin analytical or finite differee amethod.
The methods presented are inaltiwdlameawl g.- -- w---. of the
"uemt method; -the partial derivative matrix is -"upieted" In a misiame
sea ease toughs the troanted Taylor's ser-ies .sdet onetly the nn
linear function chams on the $kmt amplate itmetia. bIle this
Updae approsob Ja binnastc, It has hess 4& to be smenably
rallabla ad.&pically an order of isgmitioels wmiove to calculate
tham finite difference approximatios -of the partial derivative auiaz.
In the ocaienal event OMa the darivatives apemRimtd by the update
method ea ot sufficiently accurate,, ths will he evids by a diveasget
Iteration; In which case oae singly reoysles to dm pem hoae point
end formally realculated the derivative matrix via amljtisel Be finite
difference methods. Using several aneplao e, amw M~et en am often
iterate to conmmoe With a siBle Initial derivative esloIleiaM end
a sequence of Iterations usit" dourvav pdactins.

The rmest Presented represent a sYntheIS of oeesi atift Ideas
which do net appear to be Widely appo we. lbs __esa &I mas n
agesm Provided in the present pmoe ehud nh"ef el-

accessible to a wide aenie.



OPTDMUTION WM~ VUQUCT COUSTRAINS LINITATIONS

K. P. Keat, Visiting Scientist

StructuresanDyaisivio

Wright-Ptteron Air Force Base, O 45433 4

The authors stress the limitations of designing minimm weight
structures for a specified frequency of vibration. Beginning with

Turner's solution an optimm bar with a specified fundamental frequency,Ithe authors &how thau the mount of material that would he necessary f or
an optimun bar of a fixed configuration (length and boundary conditions)
to obtain an arbittarily prescribed frequency, can be disproportionately
high to yield a design that is completely impractical. Similar coun-
clusiona can be also shown to hold for optiman vibrating beas * The
point is further emphasized by the consideration of the optimam design
of a sled within the cross-sectional ares and the moment of inertia

ore approximately linearly related.

467-



13 Acr1W COML OF TLIXUUU Siin

0. Ibidago.4b.

Abe- -f Ls

A uothodhRw for the astws CSRSML or~ f3aodb.- sagotei. Is
vompeaf the paper Is suetfteuy I6g -w.*h tho probbIw of
opsa pLiaimeot of Unitedl mo. of soainue mm aetotew for the
effectlue- cowem4 a& 2bb oemitm sar adosom -- ,rqommo
The saem vs as, the - eqpmmm of a th- aeost. reaaamkbp.

(trfe ueezjs~zm sew a# the accuse=* a" mi. adl the @getuM.

- -. The mim3. comgm 4o is thie pope is, & u"eofm sgrmitu. subjeet
to beftmntaL r u wio- F"rn whe equation adl mtion cm be
Wite as fe4Iin

4 L w 
I. 

h

0 (zt + u(mit)

?(zt Z tt t is the -Internetl viaw vied Ism. m u Ct M& a alm 6
astusl faomew iac1am mwmt. w qmwm @rnst.m

ft- Is shwn thusd th euse of the usaf. somos.U deteoas
the- optimi lasmatam of smm.r m* salvaumg. the Iateis i
the AloIgM&1w. Is maa M& citae the cis" ot kmr to Solve
the cowvim& eqqatlm 1kmu3ai ot "at" ceetveI

maaa momp1h. -me eggb for, dlireul. actuet~sU a"smi
- a~the'Idoomlimi palamatft bomm.



Application of Optimization Vethods to Composite Structures

V. B. Venkayya, V. A. Tiachler and F. E. gastep

Air Force Wright Aeronautical Laboratories
Wright-Patterson Air Force Base, Ohio 45433

An aeroelastically tailored composite wing structure has been
optimized for strength requirements. The wing was analyzed using the
displacement method of finite element analysis and optimized using an
optimality criteria. The wing was modeled with mmbrane elements and
subjected to six static loading conditions. The weight of the wing
was the merit function in optimization. The divergence characteristics
of the optimized wing structure were then analyzed using the MASTAUd
program.
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4xmc allocaion 09 EInsm 13
Jr., Assistant Professor, Mechanical 1ngmering, Renes-
laer Polytechnic 1-t4tute, Troy, N! 12181

Data flow optimizatim algorithms perform comparably to
scheduling algfoit r samejob shop apiatli . Sp.-
cifically, data fle optimisation prodaoes machine tool
utilisation exceeding sox mad allows a par" IntreAution
policy which ama sborter flew times for more Important
batches.

A data flow allorithm concem directed flew of messages
(data) ietweem noes Is a g emph. A i vidiml mods fires
(transforms the dta) amly wh data are peenmt en all its
inputs. A mchlne in a job dwp my be considered a nomds.
It is possible to smexiise fte utilisatiom mmd minimise the
interactions of collections of much modes by the following
data flow protocol.

Work descriptions (NC programs) ar. partitioned Into
tasks, and transmitted as messages. These are saved In MIFO
queues within those nodes- capeble of performing the work
described. Typically, each message will be saved in several
modes. AMy Idled node is assigned to the first progrem in
Its queue. Once assigned, It deletes the program from the
west of the system, retaining only ts am co. It next
obtains aoprpm consuesbie reenoes (toos, work-
piece), emoutee t3 current tok, snd returns the comnsum-
able resources. t than increments Oe po.m"a's task
pointer to indicate the neat task, d re-broadvasts the
work descriptiem a mes age. me ovesage will be eaved In
IM3 qmes by mdes capable of peveeinug the war*. as
bofoe. Ibis asupietee the cycle. Me last task of mW workdomaxsption is smweal from the aum , iemfosmad at a •
clalsed vnloadlag mode. that Ow work dsmsszpti.'s tak
plnte mot eventually Indicate ths last task is a ceme-
qaecm ot the PM ques and of i -aemati the task

poimles' at each task cooplatien. 1
Das am think of th consumablns s tolmeme flowing

thrub a data flow net, dram to Idle mo de by the we&*
des ption. Mw idle nodes fire wbn aU am skbts been

certain additional mea e comerning timing am mase
ramsny are vequiref to ensure system erioismq and

stability. A sies of s ,unlatis eerin e suggsted
system insensitivity to machine tool failm, job strem
c oM.Msition, machine tool characteristics, mad IIktod tool
suply. measurements recorded smalated utilisation eseed-
Ing 9W5 given random shinem tool failures below lox, ad
good roponse of batch flow time to batch wvlit.
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A Nonlinear Regression Algorithm Based on
Predictions Generated by an Kigensystem

Dr. C. L. Friese
Dept. of Quantitative Methods & Information System

Auburn Uversity at 3ontgomery
Auntgomry Alabom 36193

Dr. A. K. Rigler

Dept. of Computer Science
University of Missouri - Rolls

Rolla, Missouri 65401

This paper describes a new algorithm for the solution of uncon-
strained minimization problems where the objective function is in the
form of a sun of squares. The new algorithm is a conjugate direction
method that utilizes the eigenvectors of a certain matrix as the con-
Jugato directions. A significant tim saving feature of the algorithm
is the generation of a sequence of points from predictions rather than
searches, that converge to a solution. The results obtained by com-
puting solutions of traditional test functions demonstrate that this
algorithm is capable of following the narrow curved valleys, when the
starting point is far from the solution. Such problem typically occur
as the result of a ST transformation of a constrained optimization
problem into a sequence of unconstrained problem. The usually pre-
ferred method is to add weighted penalty terms that represent the
constraints to the objective function, and then increase the penalty term
weights in formulating a sequence of problems. The solutions to the
sequence of unconstrained problems will converge to the solution of the
original constrained problem. As the penalty term weight is increased,
the relative difficulty of obtaining a solution to the resulting uncon-
strained problem also increases due to the "narrowing" of the curved
valleys in the contours of the objective function surface. Limited
experience with the new algorithm has shown that the "narrowing" of the
curved valleys has little, if any, effect on obtaining the solution.
The new algorithm does require that the objective function be of the
form of a se of squares which is the form of mny functions, while
many other functions can be transformed to that form.
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Organizer and Chairperson: P.D.S. VENMA, Kurukshetra
University, India

Co-Chairperson: H.M. CHANG, The University of Alabama
in Huntsville

2:00 - 2:30 A. MARTINET, University of Paris:
"Ferrofluids"

2:30 - 3:00 P. PINCUS, University of California at Los Angeles:
"Stabilization of Magnetic Colloids"

3:00 - 3:30 J. T. JENKINS, Cornell University:
"Continuum Theories for Magnetic Fluids"

3:30 - 4:00 REFREHMENT BREK

4:00 - 4:30 R.K.T. 1SIH, Royal Institute of Technology, Stockholm,
Sweden:
"Continuum Ferromagnetic Liquid Seals in Blood FLoW"

4:30 - 5:00 P.S. DUBW'ELDAY, Naval Research Laboratory, Orlando,
and M.S. FTAK. Florid% Institute of Technology:
"ydroacoustic Ferrofluid Projector in Toroidal
Configuratio"

5:00 - 5:15 M. SINGE, Simon Fraser University. Vancouver, Canada:
"Mathematical Theory of Nonlinear Waves on the Surface
of a Magnetic Fluid"

5:15 - 5:30 0. 0. AJAYI, University of Lagos, Nigeria:
"The Asymaetric Fluid Notions Induced by a Rotating
Magnetic Field"

5:30 - 5:45 P.D.S. VERM and O.H. RANA, Kurukshetra University,
India:
"Soft Ferro-magnetic Microelastic Solids"

5:45 - 6:00 H. M. CHANG and S. T. VU, The University of Alabama
In Runtsville:

"Compressible NED in Long Circular Cylinder"

6:00 - 6!15 B. R. GULATI, Southern Connecticut State College:
"Transverse Beat Transport in Ferrofluid in Rotating
Mag-etic Field"
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Continuum Theories for Magnetic Fluids

J. T. Jenkins
Department of Theoretical and Applied Mechanics

Cornell University
Ithaca, New York 14853

We outline continuum theories that have been proposed for
magnetic fluids. These materials are suspensions of single-domain
ferromagnetic particles in Newtonian fluids. The suspensions are
stabilized by the addition of a surfacant that coats the particles
and prevents their agglomeration.

The continuum theories account for the additional degrees
of freedom associated with the orientation of the particles in
an applied magnetic field. Such theories have been proposed in
order to explain the variation of the apparent viscosity with the
orientation of the applied field in simple flows (j and to provide
a context for the interpretation of existing experiments on ultra-
sonic propagation and attenuation (2,31.

The theories differ in the internal variables introduced to
describe the additional degrees of freedom, in the characterizationj of the inertia and dissipation associated with the internal variables,
and in the treatment of the electrohydrodynamics. These differences
will be highlighted and the theories evaluated with reference to the
experiments.

[II McTague. J. P., J. Chen. Phys. 51; 133 (1969).

(21 Chung, D. Y., Isler, W. E., J. APlP. Phys. 49, 1809 (1978).

[31 Isler, W. E., Chung, 0. Y., J. APPI.-Phys. 49, 1812 (1978).
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CONTINUUM FERROMAGNETIC LIQUID SEALS IN BLOOD FLOW.

R.K.T. HSIEH
Department of Mechanics
Royal Institute of Technology
S-100 44 Stockholm

Blood is a suspension of discrete cells, mostly red cells in a
Newtonian liquid, plasma which flows through vessels.

It has been experimentally determined that when ferromagnetic fine
particles are introduced into such syatem without an application of the
magnetic field no considerable biological effects are reported i.e.
ferromagnetic fine particles could pass through the capillaries in the
body. This paper investigates forromagnetic liquid seals with an
applied magnetic field of arbitrary direction in blood.

It is found from prinoiples of continuum mechanics that the
corresponding Bernoullli equation predicts the sealing capacity of the
hydrostatic plug. Such liquid seal can be used for producing blood flow
stasia during surgery and has the advantage of causing less arterial
wall damage.
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HYDROACCUSTIC FERROFLUID PROJECTOR IN TOROIDAL CONFIGURATION

Pieter S. Dubbelday, Naval Research Laboratory, Underwater Sound
Reference Detachment, P.O. Box 8337, Orlando, Florida 32856

Mark S. Ptak, Florida Institute of Technology, P.O. Box 1150,
Melbourne, Florida 32901

The coupling between a magnetic field and fluid motion embodied
in ferrofluids make this material a candidate for electroacoustic
transduction. A design for an acoustic projector for underwater
application that specifically uses the fluid property has been
proposed before (1J. A description of the construction of a
toroidal projector based on this design is presented here, and
preliminary measurements of its acoustic properties are reported.

The force per unit volume on the ferrofluid in a toroidal
configuration is proportional to H(r)/r, where H(r) is the cirum-
ferential magnetic field, as a function of the distance r to the
axis of the toroid (Fig. 1). The top and bottom of the toroid are
rigid. The cylindrical walls are elastic, the outer wall is in
direct contact with the ambient medium and the inner wall is in
contact with a layer of air kept at ambient pressure for pressure
release. The dc bias field is created by a current through thin
plates arranged in a fan-like fashion. The ac current wires are
arranged as shown in the sketch of Fig. 2. The dc bias field
drives the magnetization to saturation to ensure linearity of
operation. The device is especially suited for low frequencies in
the range from about 100 to 500 Hz.

."Lo

Fig. 1 Fig. 2

1. "Application of ferrofluids 4s an acoustic transducer
material," Pieter S. Dubbelday, IEEE Transactions on
Mgnetics, Vol WAG-16, pp 372-374, 1980.
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Mathematical Theory of Nonlinear

Waves on the Surface Of a Magnetic Fluid

M. Singh
Deparamnt of Mathematics
Simon Fraser University

Burnaby, B.C.,Canada

using bifurcation theory techniques, we study the stability of a

ferro-fluid under a static magnetic field. in particular, we examine the

situation when the half space y 3 S5 0 is filled with a ferro-fluid. if a

vertically directed magnetic field of sufficient strength is passed through

this ferro-fluid, the horizontal surface will change. Analogous to

Bernard cells in convection, both the rectangular and the hexagonal relief

patterns are observed. Obth structures are also observ~ed in the electrical

analog for a dielectric in the poerms of an electrical field. simlifying

*assumtions have bas Made to allow for a mthamoftial. sblution to the

problem. ws assain that the forth-fluld is ind~ressible, mgnetically

linear, isotropic, and frbe of internal cutrents. We also cbnsider the

fluid to be static, of infinite depth and ~of oswtany angfitic permeability.

After obtaining a trivial solution, thr full prOblemt is mapped onto a

Danach space setting. Through the Frichet derivative, the critical

magnetic field strength (and associated wave length) at which the non-

planar surface appears can be fowmd. With the, help of an adjoint functionI,

the existence of a bifurcating branch of solutions, and the Onset of

instability of the planar surface are demantrated.
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THE ASYNmERC FLUID NOTIONS INDUCED By
A ROTATING MAGNETIC FIELD

0. 0. Ajayi
Engineering Analysis Unit

University of Lagos
Yaba, Lagos, Nigeria

The electrohydrodynamic and magnetohydrodynamic effects on rigid
and deformable bodies have attraced the attention of various authors.
These analyses have usually dealt with configurations in which there is
axial symmetry, largely because when there is axial syinetry the use of
a stream function is Justifiable and its use invariably simplifies the
analysis. In an asymmetric configuration this simplifying factor is
lost altogether and solution of the problem is not easy.

Here we consider such an asymetric configuration. We investigate
the effect of a rotating magnetic field on a conducting incompressible
viscous drop imersed in a non-conducting incompressible viscous fluid.
We show that the drop is deformed and an unsteady flow field is induced
both inside and outside the drop by the electric stress exerted on the
drop surface. The problem is formulated generally but for clarity we
discuss the extreme cases Ra << 1, R >> 1. where Rm is the magnetic

Reynolds number.

SOFT FERRO-MNETIC MICROELASTIC SOLIDS

P.D.S. Verma and 0. H. Rana
Department of Mathematics

Regional Engineering College
Kurukshtra University
Kurukahtra, India

Using the variational principle, the field equations and the
boundary conditions are derived for soft ferro-magnetic microelastic
solids. The constitutive equations governing such bodies are deter-
mined by aseming an appropriate form of energy density function.
Magnetisation gradient is included. The general theory so formulated
is then applied to investigate the propagation of plane waves in the
above type of solids. Four modes of propagation are shown to exist.
The applied magnetic field and the magnetisation produced spontaneously
give rise to a considerable change in the magnitude of Alfven's velocity.
Furthermore, the analysis of coupled waves indicates that eddies decay
with time.
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COMWIESSIBI.Z MWE IN LowG CINCULM CYhIODI

Mi . Chang and S. T. Wu
The University of Alabama in outaville

Huntsville. Alebama

The compressible NED In circular infinite long cylinder haa been
discussed in this paper. in stationary end :infinite conductive cases.
Neglecting v -term in momentum equation but retaining the first order
v-term in induction equation, we proved by the theory that, the radial
magnetic field ar - 0 always. As for radial mass flow velocity, vro we
have proved that if vr - 0, the magnetic field should be a force-free
field; if yr 0- 0 the magnetic field must be a constant pitch field, and
vr being determined by axial magnetic field Sx.

In vr # 0 Case, the constant pitch field with ratial flow has
been sol~ed. All three components of magnetic field 5 ad currant
density J, thermodynamic quantities P. T, p ad radial velocity vr have
been obtained. Tea curves of these ten quanities versus radius have
been plotted for different par me tera.

It has been found that in most cases, the convective magnetic
field is being concentrated around its symtrical axis as a magmetic
flux tube, but its diameter increases with B . In some othercae
the concentration In being violated, no menltic flux tubes are formed.
The convective magnetic flux tubes may have either a cool core or a hot

TRANVRSE MAT TMUOPP IS iE3VWIDL
Dr ROTATING I4&UMflC VIED

Modb R. *Asti
Professor of Kahsofticir

Southern ConsmotionS St&ae College
NeW ffWon Connecticut

It is showin that tranoes et astwis in rotating magmetic
field. seat current peupendicular to both the applIed t~oMature
gradient and angslax velocity of magnetic field takes place. Coefficient
of entraimear of the particles Is founs as & fuactise of the tamruwturs,
and the magnituid, of* magnetic field. The estimation of the transvers
temlerature- differene is made and the possibility to measure the m
is discussed.
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"Numerical Solutions of Tsunami Run-Up Using the
Boundary Integral Equation Method"
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Conduction in Moving Solids"

3:30 - 4:00 REFRESHMENT BREAK
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A Boundary Element Approach to Finite
Elasticity: Nmo-Hookean Model

lii an Khatib-sbahidi*
David L. Sikarukiess

Department of Metallurgy, Mechanics 6 Materials Science
Michigan State University

Best Lensing, Michigan 48624

In this paper a'two dimensional finite elasticity solution procedure Is
formulated using a boundary element approach. The analysis and exasples are
specifically developed in Langrangian coordinates and for Mao-Kookean materials

* but can be straightforwardly generalized to other consitutive behavior. The
problem is formulated In terms of stress functions *(x2,x 2 ), *(xI.,x2) result-
ing in field equations

*2 - -P~ (,+u1 )-P U 2 - P [P~1 (l+u22  ' 2 ~~
* =..~, 1.12 ) - P.2 ul2 - 2,2, l~ 1 ) - P.2 u 2 . 'F

where u u u2 , P are displacements and unknown pressure, respectively. ForF
and F2 " functions of x1, end 12 the boundary element solution Is well
know! and contains both contour and surface Integrals. The contour Integrals
Involve unknown distributions adjusted to satisfy the boundary conditions.
Forthis problem the surface Integrals contain Fl,. l'2 which are functions of
the unknown displaements and pressure. Thus, an Iteration procedure must be
Introduced. An Initial sumed form for Fl P2 (fromn the linear elastic solu-
tion) Is substitute&~ Into the boundary element equations. The unbsos die-
tributIons, can no be found and then used to find a new stress and
displaemnt stats which updates Fl 2 This procedure cautinu ntil
converence Is established.

Tooe xampes are given, newely. the uniform extension of a strip in plane
strain and the pressurization of a cylindrical tube (Lena' problem). In the
uniform extension problem the exact solution bas contant pressure and thus
results in F1 - 72 - 0. There is excellent agreement between the numerical end
et solutions but the problem does not provide a test of the Iteration

procedure. For the Laus' problem an exact analytical solution (In polar coor-
dinates) has first been developed for comarative purposes. Altoug a general
scheme for finding this solution exists In Oreen and Zwerna, "Theoretical
Elasticity," p. 87, specific analytic results for Neo-4obean materials are
cited here. The numesrical solution for this problem is developed ompiletely
in cartesian coordinates, hence, It Is general and It demonstrates convergence
of the iterative scheme, solutions for curved boundaries, and solutions for
multiply connected regions.

a Graduate Research Assistant
5 ftorfessor end Obairman
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NRMICAL UGLUTIOU O TSUNRAM NIU-UP
USING TE DOUNDA INTEGRAL EQUATION ETHOD

Philip L-P. Liu and Sung Kyu Kim

School of Civil and Environmental Engiaseering
Cornel University
Ithaca, NY 14853

Tsunamis are long waves generated by undersea earthquakes. As
Tsunamis propagated acroess the ocean and approach coasts, wave amplitudes
grow significantly due to refraction and shoaling effects. The final
tsunami run-up could cause not only severe property damage but also loss
of human life. It is, therefore, important to develop an efficient nu-

erical scheme for predicting the maximm run-up location as a part of
Tsunami warning systems.

In this paper, the boundary integral equation method (DIEN) is de-
veloped as a tool for studying two-dimensional run-up problem. The flow
notions are described by the potential flow theory. Nonlinear free sur-
face boundary conditions are incorporated in the 5131 formulation (Liu
and Liggett, 1982). The Tsunami Is modeled by either a solitary wave or
two successive solitary waves. For simplicity, the beach topography is
assumed to have a linear slope which Intersects with a constant water
depth region. For the case of a single solitary wave, mierical experi-
ments are carried out for different solitary wave heights and different
beach slopes. The accuracy of the present numerical scheme is verified
by comparing with available experimental data and existing nmerical so-
lutions. Some typical comparisons are shown in Table 1. Agreement is
considered to be fairly good in vie of the fact that wave breaking could
actually occur in some cases. The maximom run-up and run-down are pre-
sented as functions of beach slope and the incident wave height. The ef-
facts of the second solitary wave oan the maxzium run-up are also exam-
mned.

Initial Mave Height Slope Maximm run-up R/D
No/D S Present result Previous result

0.48 1 1.591 1.27
0.10 0.1 0.411 0.40
0.10 0.3 0.318 0.234

Table 1. Comparison between present results and previous data

Reference

Liu, P.L-F. end J.A. Liggett, Applications of boundary element methods to
problems of water waves, in Develooemats in 1oundery Element Methods
- 2 (ed. K.[. Denerjse and R.P. Shm) lsevier Science Publishers,
Enland.
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A BOUNDARY INTEGRAL EQUATION METHOD FOR

HEAT CONDUCTION IN MOVING SOLIDS

F. J. Rizzo, M. Rezayat, D. J. Shippy

University of Kentucky

Lexington, KY 40506

The solid-phase heat conduction problem applicable to flame spreading

over a pyrolyzing fuel, including the heat conducted through the solid for-

ward of the flame, is formulated for solution using the Boundary Integral

Equation (BIE) Method. A specific problem of interest is that of a rectan-

gular slab of fuel being consumed by a gas-phase flame, on both sides of

the slab, that spreads at a steady speed into a wind which opposes the flame.

Surface temperature results are obtained using the BIE and compared with some

published experimental measurements. Upstrem heat flux computations are
compared with an approximte solution based on n asymptotic expansion. The

steps in development of the BIE formulation and the adopted numerical ap-

prop are outlined. a emuse of th presed of an ntotal singularity

in the surface hmat -flux at a corner in the slab, in flqyrvd numerical ap-

proach which involves the use of singular shape functions, defined and de-

ri ved here, is given and the validity of the improved approach is established.

The differential equations governing the title problem also describe a

number of physically unrelated but mt! matically simdlar problems, which are

identified. One such problem is that of the variation of drewdawn In a

leaky aquifer. This problem and perhaps another involving steady state

acoustic radiation from a sphere will be discussed as time permits
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Elastic Plate Vibrations by Boundary
Integral Equations - Asymptotic Formulation

R.P. Shaw and Y.K. Sun
Department of Civil Engineering

SUNY at Buffalo
Buffalo, NY 14260

The development of a two dimensional theory of elastic plates
from a general three dimensional theory of elastic solids depends on
the concept of a small thickness to length ratio and on the appropriate
assmptions to be made regarding the variation of the dependent
variables through the thickness, e.g. (1). Boundary integral
formulations perform this reduction from three to two dimensions
automatically and exactly; they contain an explicit representation of
the actual functional dependence of the dependent variables at
interior points in terms of their behavior on the surfaces. While
such boundary integral formulations may be difficult to solve
analytically, they may be solved numerically or, as In the present
case, be rewritten in terms of an asymptotic expansion In orders of
the thickness to length ratio which may then be solved 'order by
order'. This ratio, e , appears in the kernels of the integral
equation. The zeroth order solution, corresponding to an infinite
plate, is already available, (2). The present discussion considers
the general asymptotic expansion and in particular the influence of
the edges. The development is based on displacement potentials, e.g. 4-I (3), rather than displacements and tractions directly, e.g. (4).

References

1. R.D. Mindlin, 'An Introduction to the Mathematical Theory of
Vibrations of Elastic Plates', U.S. Army Signal Corps Engineering
Laboratories, Fort Mo nouth, N.J., 1955.

2. R.P. Shaw, 'Elastic Plate Vibrations by Boundary Integral
Equations, Part 1: Infinite Plates', Res Mechanica, Vol. 4, 1982.

3. R.P. Shaw, 'Retarded Potential Approach to the Scattering of
Elastic Waves by Rigid Obstacles of Arbitrary Shape', J.A.S.A.,
Vol. 44, 1968.

4. T.A. Cruse and F.A. Rizzo, 'A Direct Formulation and Numerical
Solution of the General Transient Elastodynmic Problem, I',
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R1CI DYNAMIC =MMD'S FUNCTIWNS FME TU
LINEUl ELASTIC NAZILANE

George D. Ylwois
State Uiversity of New York, Buffalo, New York 14260

Funametal &insular solutious or Green's functicus for the
reduced (stmiyr-state) equations of elstedymics ace of Import
since they-are key ingedieuts in a boundary integral equation (BIE)
reforulation of the eaeral problem of wve propagation ad smattering.
Engieering solutions to two-diasusiomal problae using Green's func-
tions for the, infinite plane have been obtained in the past [1,23.
However, problem involving the halfplsme are lsaeretly more Interesting
because of applications to-gemechnics.

In this work, the funamental singular solution for a point force
impulse in an Infinite elastic sedium Is used in ceij unction with a super-
posit ion sebmeeorgially devised by Mendlin [33 In order to arrive at
a singular solution valid for the balfplmve. In particular, solutions
for a point force In the vertical and boriseatal directions, a dipole
without meat -md a dipole with smumt In the vertical directions at
the tomse Point ace-mmporiapseed- to the fundmtal singulat solution atf
the souce point. The Image point Is the reflection of the source point
about she horinoutal (free)-surface. The resulting singular solution
reprdeses a nearLy traction-free boundary csaditm at the free L face.

Thia un sdelar solution ad its -derivatives a"e subsequetly used
as kernels 4n -a IZE formulation in the Laplace transformed dome. The
particular ummle solved Is the case of a citcalar cylindrical cavity
embedded clase to the free surface of the helfpLem under a, pressue. move I
pulse tv ag-pnalal to the free surface. fte .Ayamc stress field
gr I theewaity. obtaine fes the US-method h ujc wiha

nmerical inverse tramfownmta, is foed, -to be In Veod egeiset -WIth
other analytic and nonerical solutions.

1. Crusp, T. A.. ad 1.3J. Rism, 3. nab. Aa. Api, 22. MOU.

2. Maealis, G. D., sad D. Z. leghorn, lot. 3. Was. Mth. hsera.., 17.M.

3. Vladlis, J. 0., Ihpaies, 7, 1136.
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COMPARITIVE STUDY OF THE BOUNDARY ELEMENT TECHNIQUE AND THE FINITE
ELEMENT METHOD IN TWO DI4ENSIONAL EIGENVALUE PROBLEM

F. Baradari, D.R. Edwards
Department of Nuclear Engineering

and

H. D. Keith
Department of Engineering Mechanics

University of Missouri-Rolla
Rolla, MO 65401

In this work we investigate the applicability of a "Boundary
Element method" for the numerical solution of the Liouville and
Helmholtz eigenvalue problem for different two dimensional geometries
including a typical reactor configuration. The method is based on
the discretization of the unknown along the boundary and Green's
function representation of the governing equation.

To compare the capability of this method with the finite
element method, a finite element code which uses quadratic quad-
rilateral isoparametric elements was developed. A boundary element
code was also written. These codes were used to determine the funda-
mental eigenvalue for several two dimensional geometries -- square,
"L" shaped, circular, and a quarter of a typical reactor core. The
results of both codes were compared with each other and with analytical

solutions where available. To optimize the computer time for the code
based on the boundary element method, a powerful search technique
called Fibonacci search was used to determine the fundamental eigen-
values.

During the course of this study, it was found that eliminating
the imaginary part of the fundamental solution of the Helmholtz equation
produced an instability in the result. The results show that, due to
the use of the iteration procedure in the boundary element method to
evaluate the determinant of the deduced matrix, more computer time is
required for the boundary element solution than the finite element
solution. However, the results obtained on the basis of the boundary
element technique are more accurate than those from the finite element
method.
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Session WA-6: R DEVELOPMENTS IN BIONECRANICS

Organizer and Chairperson: R. F. VITO, Georgia Institute
of Technology

Co-Chairperson: A. W3IN, Ohio State University

2:00 - 2:30 C. C. LES, State University of New York at Buffalo:
"Recent Studies on Finite Element Modeling of Lungs"

2:30 - 3:00 R. N. VAISHNAV, Catholic University:

"Nonlinear Mechanical Characterization of Orthotropic,
Incompressible Arterial Tissue"

* 3:00 - 3:30 J. G. PINTO, San Diego State University:
"Continuum Models of the Mmalian Myocardlm"

3:30 - 4:00 REFRESHMENT BREAK

* 4:00 - 4:30 D. L. *%WTER and J. HUMIPREY, Georgia Institute of
Technology:
"Optimal Placement of Magnetometers for Studying Lung
Function"

* 4:30 - 5:00 G. W. CHRISTIE, University of Auckland, New Zealand:
"TheBiomechnics of Tissoe Heart Valves"

5:00 - 5:15 M. SrXGK and A. PERIASAWI, Indian Institute of
Technology-Wdras:
"Comparison of the D-.placemsmt Pattern of the
Different Heart Regions as Observed on the Chest
Wall by Laser Speckle"

5:15 - 5:30 F. N. TdO snd . S. GUPTA, S. 1. Teciological
Ietitute, Ksapur, ladle,:
"Amalysia of glautohydrodymm-ic Lubrication in
Reference to Human Joints"

5.30 5:45 I.L. IOTTA, S.V. Collegp, D. Sn, Btwdvan
University and A.S. MyE, Jaapur University:
"A Model Study of Dbifuiesal Effects On A
Simple Par macodynmic Network"
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Recent Studies on Finite Element Modeling of Lungs

George C. Lee
State University of New York at Buffalo

203 Fronczak Hall

Amherst, New York 14260

Structural properties and characteristics have always been
regarded as important components in respiratory mechanics studies.
However, very few advancements were made prior to 1970. In the
last decade or so, solid mechanics principles and the finite element
method have been introduced into the study of lung elasticity. This
has opened up a variety of challenging research opportunities. This
presentation will attempt to define the general problem area of
finite element analysis of lungs and to describe some recent research
results on the subject.

A recently-published book entitled Finite Elements in Bioechanics
contains some relevant and updated information on this subject area.
Those who are interested may refer to this book.*

Finite glemmnts in Biomechanics, edited by
R.H. Gallagher, B.R. Simon, P.C. Johnson, and J.F. Gross,

John Wiley & Sons, 1982.

See Chapter 5, "Finite Element Analyses in Soft Tissue Mechanics"j G.C. Lee and N.T. Tseng

Chapter 6, "Deformation of the Lung: The Role of Interfacial
Forces"
D.L. Vawter and W.H. Shields

Chapter 7, "Finite Element Analysis of the Lung Perenchyma"
A.D. Karakaplan, M.P. lieniek and R. Skalak
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NONLINEAR MECHANICAL CHARACTERIZATION OF

ORTHOTROPIC, INCOMPRESSIBLE ARTERIAL TISSUE

Ramesh N. Vaishnav
Professor of Engineering

The Catholic University of America
ashington, D. C. 20064

The large arteries serve as compliant conduits to carry oxygen-rich

blood from the heart to the peripheral regions of the vascular bed. The
mechanical properties of these arteries are important determinants of
tue heaodynamics of the cardiovascular system in health and disease. A
study of these properties is therefore important in developing realistic
models of the circulatory system. The tissue of the large arteries is
capable of undergoing rather large deformations and its mechanical be-

havior is nonlinear in terms of the usual measures of stress and strain.
In addition, the tissue is orthotropic, viscoelastic, and essentially
incompressible (1). Outlined here are our attempts over the past decade
to characterize realistically the nonlinear elastic and viscoelastic

properties of the arterial tissue under a physiological loading consis-
ting of an intravascular pressure and a longitudinal tethering force.
The elastic (hyperelastic) characterization (2) is based on assuming that

there exists for the arterial tissue a strain energy density function
which is a function of the circumferential and longitudinal Green-St.
Venant strains. On the basis of inflation-extension experiments on
segments of canine middle descending thoracic aortas it is shown that a

polynomial of the third degree in strains satisfactorily represents the
elastic stress-strain response of the tissue. Similarly, it is shown
(3) that the nonlinear viscoelastic response of the tissue can be
characterized in terms of ton relaxation functions. Finally, a therm-

mechanical formulation (4) is presented to show how one can start
with a general theory of continuam thermomechanics and systematically

reduce it to a form applicable toward thermomechanical characterization
of an incompressible, orthotropic vascular tissue-

(1) Patel, D. J. and R. N. Vaishnav. 1980. Basic Hemodynaics and Its
Role in Disease Processes. University Park Press, Baltimore, DW, 504 p.

(2) Vaishnav, R. N., J. T. Young, J. S. Jamicki, and D. J. Patel. 1972.
Nonlinear anisotropic elastic properties f the canine aorta.
Biophysical Journal, 12: 1008-1027.

(3) Vaishnav, R. N., J. T. Young and D. J. Patel. 1978. Nonlinear visco-
elasticity of large blood vessels. Ch. 16 in Baan, J., A. Noordergraaf
and J. Raines (ads.), Cardiovascular Systa Dynamics. The IT Press,
Cambridge, Nassachusetts, pp. 140-153.

(4) Vaishnav, R. N. and N. E. Amad. 1982. Mathematical characterization
of the ,onlinear thermorheological behavior of the vascular tissue.
To appear in iorheology.

Acknowledgmnts: Support of NSF grant 0E8006338 is gratefully
acknwledged.
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COMOMJL HOUl OF THE IW"N XYOCARDIU(

John 0. Pluto
Dpartnmt of Mchnical Enineering

Sa Mapg State Valvermity, Sa- Maep, California 92102

A primary motivation for research In cardiac mechanics is the desire to
form reliable estimates of the cardiac funiction. Oba to n m am
posessing complicated poestry, vail architecture ad non-smple 'visco-
elastic material constitution. During a normal beat, the aeand shape
of the heart widargo large finite chesgie. Thus fir a accarato msly-
111a of the stream9 diatvibUtUM. in the Wo0CardIVm, It is necesary to-
include the finite defermmtius of the WaLl, is tbwm-dimasnal ge,-.
atry, the complex wall-etchttattwg, themaiiformi contractile pattern

of its emsulature msd the Intermeftlaf bdiirion isfour chamers.

A mechanical analysis of the heart including all the maJor feature ma-
tioned above is sa fesmible at the pc"s*t tim because. a madrmsid-
Lag of (all) the ne$sr sc a n ot, odequas. Nowever, reemat
technological adacsh. ail.e vmruo fIts timma-chasag
size ad shape. The rnll-trc"Twal apcto amS 5o relat1iey wall
knows. On the "cmmstltut4* tint" the osamplemteAW asmocidated Wth the
onafm hass precluded the 4mswldcpt Of' a rOOSQUAI lof for- tde muscla.
Consequently. researchers hae primarily focased, thes attentma to a
essentially -41ml~ M e. t of ucls.
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Studies on an Optical Nodelltag Taclmtque for Predicti~g Flaw Skapes and
Stress Intensity ilstributions in Cracked Bodies

by
- C. 3. Suith MOW . S. fpstei a

Department of OWNgieriwg Sence OWd fehami cs
Virginia Polytechnic Institute end $Wae Vaiversity

Blacksburg, Virgiaia 24661

The most common type of service fracture results from the enlarge-
ment of small cracks by fatig" ue loading to critical size after which
fracture occurs. Such p"olems often involve curved crack fronts, non-
uniform Stress intensity distribetims andmne.p~aweracks. 116ser,
since such cracks uMMaly start t sttsts ratsers, Coplex bourndary ton-
ditions away from Crack Surf1e are 'also, Oft**i i4wled.

For over a dsad*, -the first autor anA Mis asuectatts have team
working to dew.)op ae 4*t effestv* -madl Tjgremqw for estimslin
flaw shapes a"~ Sif *ftW'$butts' ANcowe f are bnows -prior"I it
order to assist eflftg-f aeslysu ssfrite aaia oews for
such problem. First developeod by cominieg froan stress powmao-
ticity with linear elastic fracture mchanics for pue bWe I logos
E11,C23. it 160-thi 010INd to Umd M*d amlyss .1,41 ad 06iM ly.

idsfIlrlmastiolem

After brieflV 7VIW. heeritt te 1,tipape atempt toasses te Moar t ;0 Wif MWIfettes of
thes optical mothods ~m atillied to attack thre dimmest osal cracked

bod prbles o WN piorty ockloicl importance. Eamples are
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BoundaryP integral equations for arbitrary shaped uonpianar
cracks In a tredimmuslogal. insex inisotropic sindum are
obtained. The method of rawlariuatIOR Of the oorreaondift
Singular interal opermaors (psao-differstia operators) is
based on a new techafque developed In [II. Thea. equations
are comvealent. for =mtcal 90 weVaS aPProantselmalYtIcAl
solutions. Reresions for stres iatonaity fector. aft

Acomparison with other approadms to the problem [2-63
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ABSTRACT

THER14AL ACTIVATION IN SUBCRITICAL CRACK GROWTH1

A. S. Krausz and K. Krausz

Department of Mechanical Engineering,
University of Ottawa,
Ottawa, Ontario, KIN 6115
Canada.

Tim dependent, subcritical, fracture processes are thermally
activated. The fundamental mechanism is controlled by stochastic bond
breaking events leading to a rigorous mathematical description in term
of statistical mechanics concepts. The relation between the rigorous
transition state theory and the empirical Arrhenius equation will be
discussed.

- The kinetics of time dependent crack propagation processes and
its application to environmentally assisted fracture waa determined. It
was also established that, because thermally activated mechanisms are
stochastic, a probabilistic aspect is always associated with environmen-
tal effects. The consequent reliability analysis in design and test
engineering will be presented.

Following the developments that took place in this 70's in theI
application of the Griffith theory to time dependent fracture, the
process of subcritical, thermally-activated, crack pro"agWcon was inves-
tigated. The transitift from the go - no go continuum metbangicA conside-
ration of the Griffith theory was revised by considering thi *66rete
atomic character of the materials. This has led to the dbsrtieft of
slow crack propagation in terms of atomic interaction, crack driving
force, and temperature.

B. R. Lawn and T. R. WilsIv "Fracture of brittle solids" Calrigef
University Pros", Ca*~ridge (1975).

A. S. Krauss and K. Kreiass "The inherently probabilistic chatracter of
sub-critical fracture ptbe~es" Proc. of the Design, Ungiaseriag Techn
ConE, of the American Soieity for Macbanical aginears, Bstfow1,
Conn. pp. 23-28 (1981).

A. S. Krauss. "The theory of tb.oily legivalted protses i a brittle
stress corrosion cracking Jourt~l of Sbaberiau PF~tue Mechanics,
Vol. 11, pp. 33-42 (1979).,

Il
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Wave-Induced Fracture in Pro-Cracked Thick-Wafled Cyl inders

A.Shukia

Kingston, RI 28
ad
H. P. Rossanith
Technical University Vienna, Austria

Abstract
M-1IW stable crack- extension as well as *nmikc rack propegatmm to

pro-cracked cylindrical vessels subjected to usmwk lendin Ms received
considerable attention in recent years becamse of Its tertnce in
several branches. of appliod epgioert Ma) Ir p~ u e tA aon-

cated from a, ntoviel Ililte 10.0ioso p9toolotictty
and high speedo= ane uititil to obta omipet trensit Stess
field during crack wave Ia* ngees Ap0htO ~ hw
tag the iNterativM at a 'P~ifttrtmts.vni It~ toat
from such Phtr~eIs ovalye ---o- obais"e r~~t behavio

a p h tcllla as ntesrssite1a o the interaction
proces.

gotten tn Prncrockedisdj'drizaI WWesl S*betdt .J

of Pressure Veuge Tbct4Jeow. Nor iI, o. 0. e 13

Fig.1: I-clo tic e" h~a 0*400 fteattefttoI
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New method of Artalysing: Vibration of a Rectangular
Plate With a Crack Prallel to One Edge

Roman Solecki
Department of Mechanical Engineering

University of Connecticut
Storrs, M0 6348

Scarcity of solutions for vibrating,ciracked finite plates
results mainly from lack of sufficiently general methods.
It was shown in Li] that the case of doubly symetric lo-
cation of 0 crack can be xeduce4 to the solution of a eys-
tem of dual series.* A more 9ON'el,. onfiguiration was imves-
tigated in 121 but the Xin#4jjilatles At Crack tips Were dis-
regarded. Lately the method based 'on representing a crack as
continuous distribution of dislocations was shown to be quite
general and efficient.owever for finite plates the mechanical
state due to the presence .of a point dislocation is unknown
and hence direct reduction of such problin to a system of
singular integrallequations is Woar not peasible. the method
proposed in E2] is perfected heze.Its main features areza)app-
lication of double finite Fourier transforiiation to,.a dii fe-
rential eq~aation defining a discontinuous f n ction. , *is'step
is simplified by application of generalixed Green-Gauss theo-
rem.Transformed equation obtained in this way depends on the
unknown discontinuities across the crack ard on the intensi-
ties of singularities at its tipsib) neat the boundary condi-
tions are applied.This step requires diffefentiation of notI
uniformly convergent double series.Extensive algebraic ma-nlations; iavolvqd hero, are peel - -AsJ--%Lyk I pp3
f led by a fte~ated -applicatift of oieen-ftuss tporA -eetp-
led systom of i~nt~coee~aalgebrai NOUOhtJ4 is
thus ob""Ained Ch haracter itodemiat tiss
is equated to sero proVidsho the frequency equation.Wamerical
data are obt.A;ned end compred for the special case vith
reeut Xresenedh IA *

Ell M~alLL WVbeinsd stability of assehed
r~tagu~s pea*A. Ift.j. Solw. 4 72 10 094".
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513338 CORAVION 10 SS~M SUMC AT UCTMMRAR
OPRIU AND PIPS OCIMOU lft INIUM PhIMMS

M. S. Troltsky, Z.A. Zielinski. and M.S. PIsptikar
Departet of Civil Engineering

Concordia Univeretty
woutreel, Quebes

A rectangular opening provided near the bee. of the
stacks, 71g. 1, facilitates access to high t4*rat~r* flue
ase". Same ref ervac* vterihl gives corrta design ifdomm-
ties concerning the *tre* co"Idift at circular opening.
Isqever,.the stress distribution Is the Vicinity af IrECtangu-

let joint& under inen!flue Sao pressure is nt wall In
and becane the ubiect of this study. The aa* of Intatual
pressure for the pveemat otudy usaconsidered a~cottb* to
et. (1,2,3) * Stwooses see cc M-pts" using floite olaf t FVO-
Sam ANSYS. A triefteW 16sptatrie AlAsttc flst doell
alinest having aft derlss of #o~ L e II i e. d; t"~t eiitto-
$al tronuwamslti shube totatt s*s of 0 . 'I smate
"WI the defleastiU " ~* dn lhn
stroese at jbftd.. &Ill0"t Psh*Sbub 'Mrft1 et

me bading stremss. WCten*w*IA thewadeset
prg t de"e peftts * 11giev"s thew s pteewP

locationO at""s o M otrtion. 1he high 6ift strew
(she. in Fig.1)atIa191t A btt 11f
large be et a oi fA
critical strasuesat a-W 00"vopi~~re 'to Uidtu

=@or~sis stam due to th 6s.won" alond"
anidu m weight sad wind,. . -

1f.I- stel sac

'I roes Natonl kolr atitte, "fteswe vesip

Pip INGo an.171" p.15.
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ME TEARINO OF A RUNL PLANE

J.P. 3U

Department of Ciil and Rovircmmstal UMginering
Ciarkac. Ciol* of Tsohm~t~, Votdow M! 13674

fte surface of An eiaft~Le hU taee Is objected to
sudden astipame mechaictal disturbmmoe.. Moth prescribed
shear tractions or proscribed displacement distributions

sufiiet to cause ima a treated. Mea proeferred
dirctin o crckproagaionIsinvestigated; instantaneous

is soelf-e~mma a Seater. that allo the. use of kpya*
-~wbc - smo th*rae each problem to -the solution.

ofss, m~ eqeaties La a strip. The Schmurts-Christaftoi
imfialttom te nd

09 functions Of SOXMS vavIMIhlo. qne400tOf at iss
som is Important sings the hmmoolo fctios MY) Satisfy the

mir cndiition but Omat St** the crrect r tip
siay~iinty. Put wm~ values se cree ppsyme voleatt
the iwmmosmm ofan s w" - 1±aty fsbow, *a s0aeto
are I'dop~ -"he~ e Ie~yi edmiab ane obtamed
fewtwo pmetear gematrioe, mod the slutios pseui.t
chek so th inmcl results. 3m mm e oalusime about the
PeeSOiM no" of testing awe Ir .
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"OBIMW MUIATIU - A TOOL PIU STUOVIUG DEFTS IN NITAS

U. P. LWghly, Jr.
Deprtmt of Metallurgical and uclear Engineering

aniversity of Nisouri-tolia
Rolla, Hissouri 65601

When a positron, the positively charged analog of an electron.
Interacts with so election, an anihilation occurs. This produces two
pass rays. ideally. each has an energy of 511 W.V end they are emitted
at A1 radisas frm each other. Nmwver, If the process occurs in a
conducting; slid, I.e., a metal or an allay, either the positron will
annihilate with a valence electron of some atom, whih to loosely bound
to the crystal lattice snd hee a relative low etergy, or It will san-
hilate with a care electron. which Is awre stroegly bound to the atom
muclaus and has a relatively higher enegy. The amergy of the emitted
Samo rays and the angle they waks with one another ane dependent uo

the energ and the ummas of the anihilating positron-electron pair.
Ike vacancies In the metal crystal provide lattice sites in

Which the positron my act as a substitute for the missing positively
charged metal ion. Am a result, the positron is trapped. Other types
of defects. such as grain housidaries, dislocations. a nd voids, act as
traps as well. in the traps, there is a defiLciacy of valence electrons,

aven thomgb distance beteen the postern and nearest cons electron Is
large. Ils annihilation do"s occur bewen the trapped positrom a
valence electrons, the distribution of energy of the emtted Somm rays
Is different than the distribution of the ginms rays energy resultIng
from the positron-electron evento is a perfect region of the crystal.

Thae are three amsrtmtal techniqus that can be used to
measure the annihilation effect of Ses rays. Anglar correlation Is
Used to mesure the angle Iee the anihilating Smm rays. 2%4h
defects narrow the angle between the rm". In lifetm mesurmts,
the tie between the emission of a positron by a radloactive isotope
and Its salniilation is masuered for mty events. im thes measure-

ment, a Lifetime can be deterimned. Tke presence of traps Iserese
the lifetime of the positron In a& natal so thet mere than one lifetime
em be determined. In Suppler broadeniag masuremnts, the energy of the
Sa o amdpend en the relatiVe e~ of eililaiowe ents that
take place In perfect regions of the crystal compared with the memer. of
eveto occurring bottom trapped positrons end valence electron@.* Amy
Increase In the ofe at trs tncooase the probability of trapping
doe positron beleo it an ihilaMs.

Soe Ohree experimental methods toy be used to deterame the presence
of deects is a metal or an alley. A maer of experiments have been
Perfored ta Ubich the energat of eitma for wecemies in Various
pore asals low been obtained. nhe prom"n of vacancies and their
somdiag ebmterstis has been botesmiad IS Metals that Uh av e 
afmvrel 4106" fti diessan %a ume dtetU to 102011 that
have bown ehJeeted to tonem" a. mdi s domago ly i* emrg *senms.
Ush moer at dislenetiateaatifg from sold wmeabee beenas deter-
&ad an a Lination of the snwat of aold working. Vacntly, attSmts
b" bow sf to damtera 6% we of defecto Wssrte by er1

-: ~ a ma wi i iowatifg Ladm was bol. In sMe atige ;Oeig1 ~ M4
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Abstract subitted to the 19th Annual Meeting of SES, Oct. 1982

MODELLING DEFORMTIONS AND THERMOYNAI41CS

OF CRAO KINETICS FOR A BRITTLE MATERIAL*

R. B. Stout, Earth Sciences Division
Lawrence Livermore National Laboratory

P. 0. Box 808, Livermore, California 94550

A physical, rather than a mathematical, description of a crack is
modelled. The approach uses concepts from dislocation and microcrack
models to define idealized attributes describing the tip region of a
crack. The attributes characterize both geometry and deformation; and
identify a material defect species called a crack dislocation. With the
attributes as variables, and using some statistical mechanics concepts,
a scalar density function for each crack dislocation species can be de-
fined.

The crack dislocation is different from the common edge or screw

species in that it creates a new surface arm as well as a displacement
discontinuity as It propagates through a crystalline lattice.. To model
the discontinuities, a relative deformation functional is developed
which depends on the crack dislocation density function. The crack dis. 1
locations are assmed to be the only material defects that cam contri.-
bute deformation discontinuities; therefore, the model is only for
brittle materials.

The thermodynmic model uses primarily the methodology established
by Gibbs. Ite existence of an Internal energy fuctional is assmed.
The methodology results in a definition for a thermodynmaic potential
for crack dislocation kinetics, a generalization of the Griffith crack
propagation concept, and a local measure for the surface strain energy
density changes on the crack dislocation line. The equilibrium themo-
dynamic potential for crack dislocation kinetics introduces a thermo-
dynamic concept to demarcate crack dislocation density transitions from
stationary to non-stationary; hence, it provides a fracture criterion
that has a themodynrac basis. For noneqailibrium thermodynamics, the
nsaer formalism Isused to model the ratesand fluxes of the th8=o-

dynamic functions.

lEWprfomed under the auspices of the U.S. Deartmanit of Energy by
the Lawrence Livermore National Laboratory under contract ~a ar
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ION IWPLA*UTflW OF STEEL FOR INuIANME WEAR RESISTANCE
Dr. R*A. Robber

Associate Professor of Metallurgical Engineering
University of Missouri Rolla

Rlila. )Eisuuri 65401
Dr. CLI. Rale

Associate Profteser of Physics
University of Missouri-Rlla,

"las, WMEsOurt, 6501
Ion Implantation Is a. surface modification technique In which a target

material Is bombarded by a beau of high energy, accelerated ions. Thes
ions. strike the surface of the target, become embedded, and can produce
major modifications In surface properties. Sigiftemat dwmolopma of
the process, oecuere in the ol-to-late I9i0s. and early 1910', mm~ most
aPPlicatICWW reMIMng to the seuicomduetOT iudVstrF. StudIs cOmmiuB
the Potential indiftcatios of omgltoeswing metals did met bea- utiel the
early MM7's, but bon ceuttmcd to produce eneouraging reaufte-. Tim pro-
cess poomse & nubr of' atrarivo ftsturos med. som l~wmatn resafts
are nothing short Of pnumal. Cliem Itaitatiew am et4""Tel on the
hl* caplal equipmet cost: an*. laok of- a atabliahei. setlte dats bae.

Focoaf attentim too possible, lapwvumes in weer istamor, it wa
not"d thee orde o o ift zedmeles s i NW I r moss coil n-
perted. Swmw. newly .1 of- thts- dafta was obtsim& Fl o~ tlowbmeuy
tooting moftw etwaf ligt lading (lass than 20UD p"i). Ibootlytem
at tho Va igyo at U~souti-*xU& movOW t furtor iosr w In-
psuenso but wth miusatiow beft& condusted- at much moe luanlc
1.5dm an pnomu, 05mw te poot- two yoxm* effores NA mediaLo In,

1,S ' tmraseepabl ufgh pueeu WS wt pasesst.
for low Implnts esednmm. (Daf. 1)

2. Obommotatl~ o an rorder of smia mati J hew rot*

of4tstb mwatgpw Aa me .. teo atee VWg lawg dr -my ow
3. VaetniuI~w at OW der i flme atesseem sulsw o

6. Connaf flue thetMI lisewy at te. mert prior' to, daving, ad
subeeqwa to implame.

Curreu us* is feemiaog am enhacing te mdegtmus of azoeed oh-
erved phnoomse asstliabdog; jakdollos sod lbArimas magamitag
tft applieatem of the techique.

uen. a fth Wle ar Properties of Metallic 3.11ds with a Vralet
Lubricant Testing 110mlus, 3.S. NWW, C.. Mno, an& LA. lakes., acep-
t"d for pohieatim, IOUNAL tammfla ,
2. "Iqeue VOWs Aboatmas by Us %qleto" A. Rohner, and L.

DMIONh SKMoes
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On THE "EC~HAICAL lPRRIES or
B ARDSKED N1-102 CD ALlOY

M. A. Abdou and G. N. Ali
Mechanical Engineering Departuent

Faculty of Engineering
Al-Azhar University

Cairo, Egypt

The variation of the mechanical properties as a function
of aeing at 673 X- 073 K for 31-101 Co alloy precipitation
strenthened by I'-pbase was Investigated. Constant stress
creep tests have been carried out over a range of stresses at
1073 K. The dependence of the true creep strain. over almost
the entire creep curve, can be described by:

where c is tha Instantaneous strain on loading, c the
trasieRt cretp strain, a Is a conetant, t the stmady creep

rtetand p are tertiary creep paramtef a and t~ Is th
time to the onset of tertiary creep. The idepnec of the

steady creep rate, e5 on applied stress, a, can be described
accurately as:

-a A (a %

aTeia epnent p- ,r stevioukstmeths ofd AIsenifa
mtea epnent p:,A isthe backstre anbdo Ientfyn

a for a particular systen have involved creep testing nd
electron setallography. The work described In this paper
proposes that o can be measured at only a single stress.
Consequently, &i variation of the back stress as a function
of the applied stress can well be predicted by the relation:

whreIeosored stres exponent of steady state creep.

Teapplicability of thi relation, has, alse, been
extended to Ulusomic 90, a cm eilly developed alloy,
creep tasted over a wide tuipwatut reone. Mws practical
gains of the present methed es from ninimtag the amunt
of estig required for the evaluaglon of a - noinsring
material an In simplifyin the task of Identifying the
operative creep mwAchenm.
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High Temperture Mechanical Properties and OxidationI

Behaviour of Ni.A1 with Of ad Co. Additions.

D.N. Tsipas

Centro do Ingealerfa-VX
Apart"*o 1SZ7 - Caracas 1010-A

Venezuelas.

Ni -bovd alloys are t. £.ini incesin jags in aircraft.
marine, industrial ga's tuwbioi ana' other bhsh temperature
applications, due to their iscreasiax stm"* tha corrosion
resistance over a wide tomp-orature rnne. aability of
these allpys, to mokntajA,. or improve at elevAed tomparretWs
some Of thWr vm sowerature mohenAwa m1 aertiv io *00
to the Prosefwof 00a i~teumtllic GOsuound W*3"1(jr

loys "Wind. littl with .'t~a un t& 0to*
tbes, dzp.&A rap 1~ i~ A ,~etr.i~.
7his baheWvaolr 'ma faz~td ft

on the cy~icl 1
~Uqov*ed w~re ina1jrtv
cyiling, Pia, .
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A NUMERICAL. AND EXPERIMENTAL STUDY OF DUCTILE
FAILURE IN METALS*

S.E. nze
Departiment of CivilEnierg

Srij V ~onUniversity

T.B. Priddy
N.S. Soo Hi60

Sandia National Laboratories**
Albuquerque. N.M. 87185

ABSTRACT

A coined experimntalnmmerlcal analysis has been performned on
the nonlinear response and ductile failure of beryllim, 707S-T6S1 aluanms
AS338 steel and 304 stainless steel. The different specimen shaes which
were tested and analyzed produced: (1) pure shear, (2) uniaxial!,
(3) biaxial, and (4) triaxial states of stress in an axismtric geometry.I
Experment prfore on these specimens were subsequently analyzed with
l arge strain finite element calculations. The calculations closely
modeled experimmnt behavior. The calculated strisses and strains were
then used to study ductile wIntiaxial failure criteria for monotonic
loading configurations. This study concludes that the strain at which
the mtal1s fail I s depenent Wpon thexpisti ng triaxial stress field,
the higher the triaxiality, the smafl the effective plastic strain at
failure. The relationship between strain at failure and the degree of
triaxiality Is given by the failure criteria.

MlIS winrk -s supported by the U.S. Deper twnt of Energy (DOE). under
Contract K4404NsflS.

*aA U.S.- kpovtmmtoflmShow Facility
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Session TM-I: NOMLINEAR ELASTICITY

Orsamizer: N.Y. rurY. University of Kentucky

Chairperson: S. J. SPICTOR, Southern Illinois
University

Co-Chairpersom: T. J. DELPR. Lehigh University

* 9:30 - 10:00 1. P. VITO. GeorSia Institute of Technology:
"Same Applications of the TheMory of Large Elastic
Deformations in Soft Tissue Mechanics"

A10:00 - 10:30 N. F. IDRATM, University of Rentucky:
"On the Instability of a Fiber Reinforced. Compres-
sible Hyperelastic Thick Plate Under Axial Loads"

10:30 - 11:00 COFFEE IS=

11:00 - 11:15 1. L. FOSDICK. University of Kinnesota sad
G. P. NAC SIMIGH, University of Kissourit-lollas:
"Necessary Conditions for Minimiers in luextensible,
Flaitr. ilasticity"

11:15 - 11:30 K. NOSTAMIAN, Pensyvania State University:
"Interna1 Constraints in Linear Elasticity: Ketexce
of Solutions"

11:15 - 11:43 $. DOST and P. e. GLOCMER, The University o Calgry.
Canada:
"on Reltrami-Mitzbell Equations in Finite glastieity"
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icuM wIuC&Tms@un OF La0O ZVO ARASTIC
OMPMaWi ti WT TMM MOwCRM

Ramd P. Vito
~gsI"Cit Of Tochoolog7

Atlanta, CA 30332

Biological so t tiome e *Lt complex mechanical behavior. As
atsria is, they we labouqnsu. smoapftc and pnb*ahl co.pressib I.

Deformat ions mansa. we Imp. for szopAs * - wtry in-vivo my
be strafasd by up to MI.

Than e a sombe of prebes ulsh ane pqyislosially importat
where *school"s ad smasicil maela we. relevion. Yog(1961) has
$%gmeted miag the pauseoni respons m a otatugm point.

This paper will 2*eUl. osevrl aqplCiaSS of boom solutons to
problems of laro slastic deformaihesa (ram ad A&&. 1970) to blo-
mechanics problee (Vito and 21chy 196G, Vito 1979. Vito at &I 1979.

Sa rectet remmUs of mimalbS the aterial wall which account for
dyemles effet* and ths Impe mtan of dim wall atIl. aimo be presented.

1. VaSe. Y.C.. %grintias Mgkk o2 U f "iwMM -Ties*.

prbsOford (Ilif).
3. ito R...The wele of the etmrlm ocrueseefs
J. 31cmc. 12 (W) S8-= (197S).

4. wit.., "... She HOMES it. And We"r .. , * AhMbo of panreatic
pssdayst. i. Neenah. 1A (4): W1-220 (1,979).

s. Tit*, 3.?. an& 65 . J., "ha "Wcs1ea peoprls of soft tissus
It: the elmesiC ew.. of wtoea S oomts. J. Semse. 13 (11):
947-50 (19U).
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ON THE INSTABILITY OF A FIBER REINFORCED, CONURESSISLE
HYPERELASTIC THICK PLATE WIDER AXIAL LOADS

I by
Millard F. Beatty

Department of Engineering Meanics
University of Kentucky

Lexington, KY 40506

Euler's instability criterion based upon existence of an adjacent
configuration of equilibrium for dead loads is applied to study the
Instability of a thick, compressible hyperelastic slab reinforced by
high strength fibers through its thickness norml to the axis of
tensile aed compressive loadings. The solution contains results
derived elsewhere for special rubberlike materials. In the present
investigation, subject only to certain well know~ 4irical restrictions
an the strain energy function, the solution is obtained for every
compressible and Isotropic, hyperelastic material having inextensible
reinforcemnt arranged as mentioned above. It Is shown that due to
the reinforcement instability in both tension and compression my occur.

NECESSARY CONDITIONS FOR HININIERS IN
IDZEWZLE, lINUS ELASTICITY

R. L. Fosdick

Departamat of Aeronautical Rugineerl" and Mechanics
Univerhity of Minnesota

Minneapolis. M5 55455

and

G. P. Mae Sitbisb
Deportment of Rogineing Mechanics

University of Missouri-Pella
Bll, WD 65401

ge study the aImed bouniary-vau problm of dispbacmas
and deed-load tractiona for an inextealable, hyperelastic body.
We formuate It as a variationa problm, that of ianing"
the potential energy of the body and loading device over a
clane of kinematcically admisible defoatione.

Ve obtain the following necessary comiltios for a
piecavis regular aualiier containin singular faces:
first and seodvariation omnditions, multiplier rule, jump
Conditions, 3Ral-Lourewg equation, natural bomadary cosedtion
a aad4dad condition.
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LUTAL CONSAINTS IN LMNAK SASTZCITT;
mUSTENcE OF soLUn'ous

Reuben lostamis
Departmnt of Mathmtics

Pennsylvania State Usivoesty
University Park, PA 16802

Let S, so and K denote stres. strta. and the compliance tensor
fields for as elastic material. Thus I - K(S). A material to internally
constrained at a point If K boo a .nw-trlvial null apace at that point,
that is. certain stresses do not contribute to the strain. See Pipkin Ill.

Consider an elastic body In a bonded domain 2 tn e , subjected
to a body force field f tn 2, mad prescribed displacaeets ui and
tractions a on coplmenary parts 8 ia and a22 of the boundary of
2. Let a dente the unit outuard normal to the boundary and suppose
that K is symetric. Tka by the principle of the N~miasm complsmentary
Energy (see Curtis 121) Owe equilibrium streen to a stationary point of
the functional

1(S)- S1 K(S)dz - usm dr.

2 1
In the set ~

C - is: divS -f In 2, Sns on a822).

In the presence of Internal ceeatrainto. K haa a none-trivial null
space. so I is not coercive and the usual proof of the existence of
minimizers does not go tbrov~k. Austher umusual feature is an extra
compatibility conditimn that must he satisfiled by ;. To illustrate, let'sa
consider a very special case when the material is Incompressible and the_
displacement is prescribed as the stive bowdary. Clearly only those u
are asible that leave tka total volume Invariant. With, other types of
Internal contraints, inesmmoblo fibres for esmle, classes of admissible
daa are not so intuitively obviouis.

1e examle this, mad more geonral bosrdy velue problms. formulate
the admissibiLuty criteria few the data and pro"e the exinteno of solutions

I1. A.C. Piphia, Cosetrainte in linearly elastic materials, J. Elsaticity
-t(1976) 1931

2. U. 3. GureUs eLiment 1mmry of Slastitity. uSwaba der Physik,
VI &/1, 01h M-erWae. berlia, 1972.
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ON M.TinKCML EWATItE IN II NUASTICIT

S. Det " and P.C. Glechmer t

Departmn of achmical asuinesula, The IhiVealsty of Calgary,
Calgary. Alberta, Canada T2N U14

ABTACT

To the linear theory of elasticity, inbstitution for the strain
teener in the co~atab~lity eqoaaons yields mix equations in terve of
with the equillbrium equations and appvopriete boundary conditions. do-
fine the stress bondary value problem. Application of this procedure
In nonlinear elneticity thmory is not as sexwight, fbrward since the
constitutive relations are not easily Inverted. In addition, the compat-
ibility equations In term* of defelmmation (or strain tems.: are highly
ualunar ad the eq loibrii equaciom in terow of the second Ptila

Kirchhoeff stvees tomor laveI&m the dioaumet f*1 emd iplity.
Tbs ato of this peper is to derive fttra-I9Ltebmll equations

for monLiuert eiesticity theory. To eliminate dm diffibuitias, -tiaeed
above. the first Pite'Umstiin stress temr, 1. me the deformation
gradiamm Z r. aoewo- am fisad verialss in thm deriva&tion so me to
Yield linar equillbrium andr ocapatibiLity equations in terms of I so E
reepect~tewl. It It assumeod det ant esar amnity, V(VE, end eerrespond-
iANLY, a co~ltry 6=9tW density. , I(A) exist [1) such that the
contact trassf- os WD) + W (ft) - tr (I L) yields I - MIL; 01d 7.
*1i/btj It in required- that lic 8" 5(fl metsft the ma of be. iiy

* rVM tbar cometIeuiWe equattim Wof am lSbwrtable, or equivelently,
IVe()' ndxtat, substitutUmt of the dwftmties Stadium, Z, lto the
compatIbilft7 equations, yimlds ealifer dIfferential equaion in term
of Jonly which aem be up 1dAed as the DSltrand-Nitchell equatioes of
ametae" elsticity. Isamdestion of stress fumtios atit'jPM the
equilibrium equatiom idetically leeds to & system of nine equtioma in

2oter of.? ta* stv hfmtie whih*tagtlnry waprite bnary
theditonlinrereTeot of strestiondty, vau pr~. 93

Anfeso an smadpe h qain r lo eta o sg-ig
eastociate rofelssIo ue n(]

1.pOlne by the Natera Vciiatesald Thneemat Nier Coucil
of ~ ~ ~ ~ qt CPhil.an a.A276

statles". Mat Y.c S.-e,7 95

the Nonlnea Theory. of *-sic " lkt- , 1973



Measimn I-2: NONLINEAKR QUAflOU

Organizer. N.K. HMS, The George Washington University
Chairperson: V. EVEISAN, University of Missouri-Rolla.

* 9:30 - 10:00 A. D. PIZRCE, Georgia Institute of Technology:
"Nonlinear Propagation of Sound: A Tutorial Review"

* 10:00 - 10:30 IL to UTUS. The George washington University:
"Nonlinear Propagation of Sound Through Nearly Sonic
Duct Flow"

10:30 - 11:00 COPPE BRZAK

* 11:00 - 11:30 J. H. GINSBURG, Georgia Institute of Technology:
"A Direct Method for Non-Linear Acoustics and Its
Application to Underwater Sonar"

* 11:30 - 12:00 P. 9. RDORS, Office of Naval Research, Arlington
and D. H. TRIVITT, Naval Research Laboratory,
Washington, D.C.:
"Scattering of Sound by Acoustic Pulses and the

Pulded Parametric Array"

12:00 - 12:15 G. H. KcDONALD and J. PEDDIESOK, JR., Tennessee
Technological University:
"A Aproxlastion Method for Velocity-Sensitive
Combuaio-usaaility Problems"
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NONLINEAR PROPAGATION OF SOUND:

A TUTORIAL REVIEW

Allan D. Pierce
School of Mechanical Engineering
Georgia Institute of Technology

Atlanta, Georgia 30332

Acoustics is ordinarily concerned with small-amplitude
disturbances, so nonlinear effects are typically of minor
significance. Small nonlinear terms in the fluid-dynamic
equations can have appreciable accumulative effects, however,
over long distances of propagation or over long periods of
time. Present paper reviews theories applicable to when the
disturbance everywhere locally resembles a propagating plane
wave.

The classical developments of Riemann and Earnshaw lead
to a "first-cut" model for truly one dimensional disturbances in
a homogeneous fluid without dissipation. A waveform distorts as
it propagates because points of different amplitudes movm with
different velocities; the local speed of propagation varies
because of the dependence of sound speed on pressure and because
the disturbance itself induces a flow in the fluid, relative
to which the sound propagates. To a first approximation, the
acoustic pressure p satisfies

ap/at + [c + Bp/ncJap/ax . 0

where 0 is a thermodynamic property of the fluid, density p

and sound speed c are for undisturbed state. This equation
does not apply at shocks; the Rankine-Hugoniot equations lead
to prediction that these move with speed equal to average of
c + Bp/pc before and after discontinuity. This in turn leads
to the highly useful "equal area rule" first discovered by
Landau for predicting locations of shocks.

The small discontinuity in entropy (third order in amplitude)
at a shock accounts for an intrinsic loss in energy independent
of whatever physical mechanism causes the attenuation. To
explicitly take dissipation into account one can derive appro-
riate nonlinear propagation equations (such as Burgers' equation)
y first finding the dispersion relation for constant frequency
linear acoustic waves, k a k(w ), then replacing ik by a/ax, -iw
by a/at, and c by c + op/pc. The dominant mechanism is often
rblaxation, rather than viscosity or thermal conduction, but often
the phenomena is adequately approximated by an equivalent bulk
viscosity. Plane wave models of weak nonlinear propagation have
been wedded to geometrical acoustic models by Whitham, Hayes, and
others, with the assumption that ray paths are not altered by
nonlinear effects. (Material discussed in papor is covered in
greater detail in Chapter 11 of author's textbook, Acoustics.)

-131-
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NONLINEAR PROPAGATION OF SOUND TIROGH
NEARLY SONIC DUCT FLOWS

M. K. Myers
Joint Institute for Advancement of Flight Sciences

The George Washington University
Hampton, Virginia 23665

The behavior of sound in a high subsonic variable-area duct flow is
of practical nterest in connection with the so-called sonic engine in-
let, in which marked reductions of upstream traveling sound have been ob-
served. A near-sonic steady flow near the throat of the duct causes a
transonic trapping of upstream waves, and the resulting intensification
of the field gives rise to nonlinear Interactions between the sound and
the flow.

A quasi-one dimensional theory which describes the Inherently non-
linear acoustic propagation process in near-sonic flows has been developed
in an attempt-to understand some of the physical mechanisms responsible
for reductions of noise ultimately transmitted out of the duct. The
theory Is derived using the method of matched asymptotic expansions and
yields.in the near-sonic Inner region of the flow, a set of nonlinear
equations of motion which describe the Interactions between the flow and
the acoustic field. These equations can be solved analytically using the
method of characteristics, and their solution is asymptotically matched
to the linearised acoustic solution valid in the low Mach number regions
of the flow.

It is shown that the nonlinear effects of the flow on sound are ap-
preciable. For sample, sound energy Introduced by a simple harmonic
source Is partitioned Into an Infinite number of superharmoasi components
and a steady stromming componnt after passing through the near-sonic flow
region. Even in the absence of dissipation, this partitioning can reduce
significantly the energy transmitted in the fundamental compared to that
imparted at the source. Of more physical consequence, however, is the
fact that sufficiently high Mach nmbers or frequenes cause the non-
linear acoustic waves to develop shocks in the near sonic region. The
thermoviscous effects modeled by the shock Jump conditions result in a
major attenuation of the total aoustic energy tranmitted out of the
duct. sa. In conjunction with the speading of emua8l into harmonics,
can lead to a power reduction of as much as 90% tn the fundamental har-
monic during passuge of the sound through the duct.

A major result of the work is s analytical solution for the loca-
tion and strength of the shcks in the periodic veform which is a
gmsra/lIatim of the "equal area" rule of classical weak shock theory.
This aflysis wil be dscribed in sow datal, and various computed re-
sults will be presented to illustrate the theory.

-132-

4_2 4



A DIRECT METHOD FOR NON-LINEAR ACOUSTICS AI
ITS APPLICATION TO UNDERWATER SONAR*

Jerry H. Ginsberg
Professor, School of Mechanical Engineering

Georgia Institute of Technology
Atlanta, Georgia 30332

The distortional phenomenon of amplitude dispersion in the
propagation of nonlinear, nondissipatIve sound waves in fluids has been
thoroughly studied for the one-dimensional case. However, the methods
used for such investigations are difficult to extend to sulti-dimensional
problems in which there is strong variation along the wavefronts. A
perturbation method for solving such problems has evolved through a
sequence of analyses of progressively more complicated systems. The
result is a general "direct" method which can derive the wave motion
without phenonenological assumptions in situations where the analogous
linear system can be solved.

The basis for the method is the general nonlinear wave equation
governing velocity potential. The method begins by expanding the
potential in a regular perturbation series whose small parameter is the
amplitude of the excitation scaled relative to ambient conditions. In
the usual manner, the leading term in the expansion, which Is the
linearized solution, is used to form the nonhomoseneous source terms
which drive the second order terms. Due to wave resonances (secularity)
which are inherent to nondispersive waves, a portion of the second order
potential grows cumulatively relative to the first order terms. The
direct method focuses only on such growth terms when it forms the particle
velocity and pressure. Cumulative growth means that the solution is not
uniformly accurate. This condition is corrected by introducing a
coordinate straining transformation which must regularize the pressure
and particle velocity simultaneously. The transformation describes the
distortion of the signal. The resulting analytical expressions are
valid up to the location where a shock forms; extension beyond that
location requires shock fitting.

The application of the direct method to sound beau which radiate
from a transducer in an infinite baffle will be described. The analysis
obtains the potential function by a Henkel transform and an Integration
using the method of stationary phase. The fluid medium in this case
acts as an infinite wave idde whose individual modes occur in a
continuous spectrum. In addition to the suwtooth type distortion
observed in simpler system, the waveform in a sound bem is found to
display strong asymmetries between compression end rarefaction, in
agreement with earlier experimental work.

*This work was supported by the National Science Foundation through
grants go. CM 8026496 and No. IA 8101106.
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Scattering of Sound by Acoustic Pulss and the Pulsed Parsuetric Array

Peter H. Rogers
L office of Naval Research, Arlriw'ton, VA 22217

David R. TrIvett
Naval Reseerch Lborstory, Washington, DC 20375

An exmaination of the scattering of sound by srund indicate% that the boundary
of the Interaction regai to very importaut in tteruiniw not only the level
of the secatter* seted but also the frequency of the scattered sound. In the
case of a pulse prop gating through a ev plane-wave (where the bou"dary of the
interaction raeion is propagating at the sound speed) the frequency of the
far-field scattered sound at a fixed angle t the cv freauency. Doppler
-hifted i.e.,

f (#.*)-f (1-0s90o-" )

where f is the frequency of the plane-OWe, 0 its the an4le betwem tm c"
aevecior and the pulse vavevector sud# to the obseration &ogle with

reopct to the pulse ewuoctor in the interaction plane. The scattered I
signal bas streng mI at the Doppler sagle 0 , w-hee the frequency of the
scattered signal is equal to the m Freuncy. She ornerwred signal at 0 1
observed at a finite dEistance frem the 1tvte action region time appears as S
pulse whose frequency wen free a value someshat above the am frequency to
a value somewhat bale the o frequemcy. lb addition to the absence of the
sue and difference frequency at moat angles, the theory yeili no off-axis,

u0o, scattered wigeal Vhen the pale propagates in the emn direction as the
cv plane wave. Hae this is the eamtry of the pulsed peratric array.
which has been 1perita ally demostratad to scatter ws sd idfference
frequency, the scattered signel wst be generated at o*e tite other that when
the ulse (i.e., iterectlom tegio) io freely propagating. We find that
while the interaction elion has a statioary boundary (i.e., during the time
the pals eits Oe transduer) a sua and diffetence frequency signal is
produced. Nowevet, aes. the pele leaves the transducer (so that both
boundaries seve at the seund spen) no otf-extu aettced sial is proSiese.
The beam pattern is * s r to tbat obettAd by Wettervelt (J. Aemt. Soc.
As. 35, 535-537 (1963) In lif e c aleultiie. Yhe recied differeasee
frequency pulse, hoawver, appars as if rlated d srectly fre the transdueer.
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AN4 APIMIICN ieZnTOO FOR VOXCITY-SINSITIVE
COMSIMA'Ic-INsTAILIY P740KOW

Gary Nl. McDonald and John PeddisOn, Jr.
Department of Engineering scens=* and Mechanics

Tennessee Technological University
Cookeville, Tennessee 38502

ANSfRRC

The model differential equation

a2 V2-+1 +.t+O$V)e2a# 2 t2# . 0iM

arises in a simplified analysis of velocity-sensitive combustion iasta-
bility in liquid-fuel rocket motors. In (1.) all quantities are diuen-
sionlese with z denoting the sm flow direction, t the time, 0 a
velocity potential. v a measure of the Noun burning rate, N a measure
of the unsteady burning rate, c a measure of the initial disturbance,
and r a measure of the Influence ot baffles.- The presence of the term
multipled by Ii in (1) distinguishes equations of this type from those
awally ammtered in acelineer acoustics. There Is a need to develop
both exact and approuiste mthods fee the soltin of equations
similar to (1). The 1eesm powr discusses one relatively simple

apoximese method. it consists of pefolrming an approximate moel
analysis of (1) using the Galarkin method and then solving the I
resulting nyst" Of ordinary gmasinear differential. equatiefs eproz-
Imetely by the tw-variable perturastin method (method ef multiple
mstal").

The mehdis illustrated through onsideration of a ombstor
In the shape of an &mslus of narrowv9v width. in a polar coordinate
sWstan Cr. 0, a) the cmutor extends from an injector at a a 0 to
a uesle at a a L A has a rm radius r - 1. 1 variety of solutions
are obtained for the came of transverse disturbances * (# a (*# 03).

CPA especially interesting closed-fom solution can he obtained
uner the asmption that the last two terms in (1) can he neglected.
It hes the trawelivv-tmve form

4(-/2 tam eUS(1-p(-t/2) )/24) sin (2 (t-#) )/3223+... (2)

it am be seem that this solution exhibits a violent Instability (it
becoes Wninite In a finite time) for

Pt2 )1 SA 2.22/c(3

Sam behavior is qite duflarat from, the proesse of shook twastion

f~ezhem emlae~zsemuice
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Oruaie and Chairperon: J. U. RMO , Saudis
National Laboratories

Co-Cheirpersoms M1. inIEU00R Clarkson College

* 9:30 - 10:00 J. a. UUUPA, Bawdis National laboratories:
"Sam constitutive Aspects of Modolimg Physicel
processes In d theErth

* 00 -10 . R. WAJUEIK and D. R. ZIIN, Sandla National
* 1000 -10:3 isoratorlum:

"On the Description of Low Stress, Usv Tamperature
Creep of 11ck Salt"

10%30 - 11:00 COFJISO=Di

* 11:00 - 11:30 K. MNl=, Ihsisoamats Institute of leelmology:
"Rstat- of eolegimi Beavior of thae 3mb'
Crust ad Vpper 1Ma~i Over WI1111*to Terim Scales"

* UtWO- 12:00 D. A. TONE, #rzam ktef Univeftyi
"Th Vlsmesit of the lower Mosle: Infermucas fro
-Polar Motion Datae

12:00 - 12a3 If. SUANUMR mid G. AMIMW, Clarkson 09o"g of

"tskle Ouawmar lip in Week Gravitatinal helM"O

LUIS5 - 11,30 J. 40. SHIM and. C. A1U, boesms Watu
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SOM WNSTITiflV3 ASPECTS OF MDUMNG
PHYSICAL ?KOCSSES IN TilE EAMT

John B. &undle
Sandia National laboratories

Albuquerque. YE 87185

For the last on hundred years. It has been known that the
earth Is capable of transmitting vibrations due to earthquakes. This
realization led in turn to elegant calculations by Lord Rayleigh,
1. Lamb, A. 1. R. Love, and others, In which the earth was modeled as
Sn elastic body in and over which elastic waves might ytopeate. Even
them, It was known that the earth could not be perfectly elastic,
because the vibrational energy decayed to zero in a matter of hours.
or at soos days. Detailed treatment of models is which these laper-
fections of elasticity are correctly Included In wave propagation
calculations has comw only recently with the advent of modern high
speed comuting.

At the eas time that applied mathematicians were sharpening
their calculations of wave propagation, geologists bean to realise
that pemnent deformations due to earthquakes could occur. Led by
the 1906" 8 Radsc athquammtte chnclued winh the rmespoto 1o1
the Nra Fraldncsed, th anittee chargued ith thei rneorto off91
that the seismic ewent had bae the product of se elaetic rebomad'.
Precise earth surveying measurements, which begas In the middle of
the 19th century, revealed that shar of feets of survey maamts
occurred during the event. These offsets entooded ooe ten kilometers
sway from the fault, and ware modeled wall by a physical model In-
voiving fees blocks in relative stick-slip motion. Ifre Ieportoot,
post-1906 surveys extending up to the present tine reveal a *vetter
of centisunn displacements. tese deformations are often associted
with no know @*Lade event, and are clearly the product of a Variety
of Inelastic physical proceses. That such continuing defoxetiea
can occur was at first surprising. However, the am theory of plate
tectonics predicted very large scale deformations extending ever
geologic tim, and It was finally realized that these deformations
ane only a local manifestation of plate scale mtions.

Durt"g the last few years, an of the phenmena associated
with plate* tectonics, Including earthquakes, iseetas, fluid flow ad
finutal. processes, and rock deformation, have been modeled "ein a
variety of teehoiques. Thes models require both. ageeetre Repro-
gstation of the process, as well as a constitutive low to Welate
stress to deformation. A few examples which will be considered hae
Isolna inelastic geodetic crustal defotmation due to earthlookoe
voemes, veil pospig ad hydrofractu in a seisthosmme flu1A
10filtrated erusts plats fissure due to the epeitien of lowg
Voes"ni loads smek as the 2m itee soean dhalal asmtitn-
tie madeling of Is~wcatery reek defostlen;l~ P*se flie pft-
aesa in the earth's mNtle and crustl med oemsatutv lawe relating

oi n to""i to "plid stresses.

me 5-s supportedb the U.S. BepA. of Costreet US-

MO6-7573T

41 )7- .111

-. Y

4, ~~ . . . .. . . .

~ ~.:t



On the Description of Low Stream, Low Toerature
Creep of Rock Salt*

V. R. Wawersik and D. R. Zeuch
Sadia Wational Laboratories

Albuquerque, Saw Muxico $7315J

The ths ibmancal behavior of rock salt is of interest to
Interpret the foation of salt structuree ad to eyelue the design
of mines, storage caverns and radioactive waste repositories. An
Important aspect of thee. problems is the nature of salt creep at low
stresses and low bemmlogovs taferatures. As a result, several creep
studies were carried out using single and multistage tests where
either stress, or temperature wae Increased between stages. Nasure-
mnts appear to fit beet a simple power low of stress to describe
steady state creep. Transient creep was fitted to at least thre

-' - functions. All of them suggest that transients are relatively un-
Important boese they are ehort-lived and linited to small strains.

This paper addressee three questions which are Important for
the jyrlietin of the present creep modesa. (1) Are the model& vq lid
under arbitrary stoess and temerature histaries? (2) Are the
machmalise controlling salt creep sufficiently mderstood to justify
extrapolations to low streases, lower temertures end Iong times?,
and (3) Are observations as laboratory apeetmems representative ofI ~ the behavior of salt moses In situ?

Rnsults vii be described frn Creep aperimanta with complax,
stress and temprature historis shere stress and tempature were
inresed and dweesed. La additios, subetructure observations will
be reviewed wiche Westre" =.a "an reeeriver lsberatery ma-epa
mntally delsenud specema ad 4an naturally deformed crystals which
Ve celleoted- 1mm the walls of atne drifts.

Me crewp sessureate -1m deeeslsg straws mi temperature,
resulted- in anomalously lowr creep rate stwich ar e t predicted by
the present models. These ln, creep rates w peraist for times which
are long compared with the timw scale ad englaeering problem. The
data availablew do et suclude, the possibility that the anomlies
following misoadiag affect th ftul reovwery of aeceedery creep.

Comparisons ad creep rates at different etreas and Camara-
tares as well as etasreetwal ebservatism Sadiefte that at low
tooarctur aremp of awn salt ma net be amnted by dielsoatian
clm even tbog ths loan of the pieer law fit for steady state
cree deta Is es st UMt tdot seaniM.@ Is semestifin Is
based as the Wm m of efftive atetia wourst" ad
trawlafte 9alog S stsbwes~. It Is als bead so
abandant evidawa e. a teestims glide said es the theeo of &Absyas
I& masy ese. thwrtednttim abent dth rat te alsiag sdelem nm
smethma sumese sestla. to the ankusiaties of doe IresInt ~sls.

soweer 1e1hUSWf 4111erjeso in 111,ther1asc qllemdllllw" NASS
em o"sSt Adiens to an e iI pe -e is Ileratep "eam afe

*~m repreamt of -dk pwsastwich awe sliv Is etsa.
mtis vm Ub so p tn U.S WOV L Dat. o no~ onet. WIaM'-
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ESTIMATES OF RHEOLOGICAL KIAVIOR OF THE EARTH'S CRUST
AND UPPER MANTLE OVER MILLION YEAR TIME SCALES

Marcia NcNutt
Department of Earth and Planetary Sciences

Massachusetts Institute of Technology
Camridge, Massachusetts 02139

The answers to a nmber of importmnt questions in geotectonics
and geodynamics await adequate models for the rheological char-
acteristics of earth materials over geologic time scales. Most of
the insight into this problem has been derived from the results of
laboratory experiments on rock samples. It is difficult, however,
to apply these models with much confidence to geological and geo-physical studies because of disparity in time scales and physicaldimension as well as the presence of impurities In the real earth.

One way to circumvent these difficulties Is to take advantage
of nature's own experiments as seen in field observations of rock
deformation. The real-earth laboratory is less than Ideal in the
sense that there are only a limited nuer of cases for which we
have sufficient knowledge of the bo A-ry conditions of the system I
and the prior history of the experiment. Nevertheless, a fairly f
consistent picture emerges for the rheological behavior of the
oceanic crust and upper mantle when geophysical observations are
interpreted within the context of laboratory models. Strength in
the upper layers of the seafloor is limited by pressure-dependent
brittle processes and may exceed 600 IPa at 15- to 20-km depths.
At deeper levels ductile-flow processes dominate. The exponential
dependence of yield strength on temperature causes a rapid tran-
sition at about 40-1= depth from a high-strength "mechamnical
lithosphere" to a deeper zone where the mantle supports deviatoric
stresses less than 50 Wa over million year time scales.

Determining the long-tem rheological behavior of continental
materials is a much mor difficult problem. In contrast to the
simple layer structure, fairly uniform rock chemistry, and short
(200 m.y) geologic history of O ocean basins, he continents are
heterogeneous In all dimnsions and have experienced many deforma-
tion events over their billion-year history. Data from laboratory
experiments on granite and quartzite suggests that the continental
crust Is much weaker than the basaltic seafloor, but the field
evidence does not alwys support this claim. In a areas where
continents do appear to be exceptionally week, deforation my have
been localized on a detachumnt surface at midcrustal depth where a
combination of parmeters such as pressure, tlperature, pore
pressure, and rock composition have produced a luw-strength layer.
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The Viscosfty of te Lower Mantle:
laferesces from Polar Notion Data

Dr. David A. Yman
Dearewmnt of Geo logy

Arizona Stats Univeruity
Tempe, AZ 85287

U.S.A.

- -Until vecetly most estimates of the deep mantle viscosity
mere based on malyses of post glacial uplifts and there were no
estimates of the sensitivity of tederived viscositV solutions
to variations of the iuput paramters, such as Owns associated
with the surface leading. In this paper the viscosity of the
low mantle Is arrived at by aking comporlsoms of the observed
mlar Motion of the earth's rotation "tis with theoretical
results fre. a lsjered viscolastic, rotatig earth, which has

elasdticItuphoe, a tes-layer visceelastic mantle, ad aninviscd Gore, is esuentially analytical and this Mre1 itecanqmlally feasible to use a am aid In cadcting an extensive
sensitivity analysis of the Tow nestle viscosity free dbumga
On the basis of this Wpo of tavestilarte tvismisty of the
deep mntle is sheow to lie hetmm aP d~% . Our results,
which Just ,tly so arn second havusic of the $tril field, also
lead to a dotaevution of an %pper baund to the thickness of the
globally uverm'ed litophere. This valme, rasgiag beten 150
and 170 106, .sess thot strong lateral heteroenmeties baetw- m
ocenic and .eeHieast1 plates my axtend at maot around 260 km
into the Upper mntle.
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Stable Granular Rins In
Weak Gravitational Fields

M. Shahinpoor and G. Ahmadi
Department of Mlehanical and Industrial Engineering

Clarkson College of Technology
Potada N.Y., 13676, US&

Abstract

A recently developed statistical kinetic theory for rapid flow of
granular materials and evolution of field fluctuations (1]. (2) has been
applied to the problem of equilibrium granular ring configurations In
weak central gravitational fields. The derived governing equations admit

- - -such solutions to exist and further reveal that in such stable granular
ring systems particles possems a mean velocity plus a random fluctuating
component. The velocity fluctuation field io created by continuous ran-
dom collisions of particles with each other as they move through the
gravitational field. The average mean square energy associated with
such random fluctuations is denoted by e and is shown to be coupled
through three nonlinear second order differential equations with the
bulk density p and the mean tangential velocity V9 of the grains. It

appears thet certain perturbation* of central gravitational fields allow1
stable granular ring configurations to form. Two specific ring solu-
tions are finally presented and discussed.

I -Aboadi, G * and K. Shahinpoor, "A Kinetic Theory for Rapid Granular
ilown and Evoution of Fluctuations," MIN-CCT. Granular Materials
Research Laboratory, Re. Rep. go. 077, March (1982).

2 -Shehinpoor, K. and C. hmd, "Fluctuation Equilibrium In Rapid
Flow of Granular Materials." (in press), (1982).
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CREEP BEND ING OF ROCKS

by

J-4. Singh and P.C. Upadhyay
Institute of Technology, Uanoras Hindu University

Varanasi - 221005, INDIA

Various constitutive equations. empirical as well as those based on the
mechanical models, have been proposed in the literature to define rock creep
behavior. Hwever, a fact that the creep rates of rock under tensile and
compressive loadings differ significantly [1-21 has not received much attention
as far as its possible effect on the bending of rock structures is concerned.
For the elastic bending of rock beams [31 and Plates 14-5] (without creep) it
has been reported that the inclusion of the double elastic property (unequal
Young's modulus In tension and compression) of rocks affects the bending re-
sults significantly. In this work we present the effect of double elastic
and viscosity constants on the creep bending of rock beams and plates, based
on the burger's model. The influence has been found quite significant. The
figure, for eemeshows, for different 8, the shifting of the neutral sur-
face (NS) as the creep progresses. B and $ represent. respectively, the
ratios of the Young's modulil acid viscosity constants in tension and compres-
sion, andas ht/t Is the ratio of the thicknesses of tensile and compressive
zones on the two sides of the neutral surface. The Initial position of the
NS Is governed by the value of 8, while its final (time - -) position (shown

dotted), corresponding to pure viscous state, Is decided by the value of $-.

Is a function of 0,# and some other parameters related to the Burger's model.
This shifting of the NS, consequmently, brings changes In the other related
quantities like deflections etc., which are discussed in the paper. Similar
to B and 0, the influence of the other parameters have also been depicted and
discussed In detail.

[I) Chug, 'V.P., Tran. AIME, Vol.256,
pp.259-M6 (19"). ..............

121 Wowersik, W.R. and Brown, W.S., ......
Report No. UTECH-73-197. University
of Utah, Salt Lake City, UT (1973).

[3) Jaeger, J.C. &,ad Cook, N.G.W.,
"Fundamentals of Rock Mechanics,"
Chapwan end Hall Ltd., London (1971).

Mothmin Scl-,Vol-17. PP-377-361

(5) Singh. J.G. and P.C. Upedhyay,
23rd U.S. Symposium on Reck Mechanics
to be held at Berkeley, CA
(Aug. 25-27, 1992).
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Session Th-4: FINITE STRAIN PLASTICITY

Organizer: J. F. SELL, The Johns Hopkins University
Chairperson: A. S. KHAN, The University of Oklahoma-

Norman

* 9:30 - 10:00 3. F. BELL, The Johns Hopkins University:
"Cyclical Loading at Finite Plastic Strain: A
Comparison of Experiment and Theory"

* 10:00 - 10:30 T. W. WRIGHT, Ballistic Research Laboratory:
"Plastic Waves in a Circular Cylindrical Rod"

10:30 - 11:00 COFFEE BREAK

* 11:00 - 11:30 N. PITTZRI, Universita di Padova, Italy:
"On the Kinematics of Tvinning"

* 11:30 - 12:00 K. S. RAVNER, North Carolina State University:
"Interrelations Among Hardening Ries, Ninimm Work,
and Uniqueness in Finite Multiple-Slip of F.C.C.
Crystals"

-143-

1A'



'-A

I/

I
CYCLICAL LOADING AT FINITE PLASTIC STRAIN: A COMPARISON OF EXPERIMENT
AND THEORY - James F. Bell. Johns hopkins University, Baltimore, Maryland.

The close correlation between experiment and a proposed incremental
theory of finite plastic strain has been described previously.

1
'
2 ,3 

Any
general theory of plasticity whether For infinitesimal or finite strain
must include unloadin6. For complete Zenerality one should determine, too,
the response for non--proportional stress paths in the domain of cyclical
loadin&. The results given here are -or sucik a study.

Six types of two-dimensional non-proportional stress paths are con--
sidered. including those of the experiments made famous by Taylor and
Quinney in the 1930-s. Sufficient repetitions and variations for each
type of cyclical stress path made it possible to examine in detail a
number of pertinent questions beyond the main result, wilich was the
finding that the writer's incremental theory provides constitutive
relations for the region of total plasticity at finite strain after a
cyclical stress incursion. Each test included several unloading and
reloading intervals. In some instances total unloading occurred; in
others, there were different degrees of unloading. The history of
cyclical stress paths ranged from slow or smooth unloading and re-
loadin; to incremental impact. In all instances, including sudden loads
in the unloaded domain, subsequent reloading closely followed the writer's
incremntal teory for finite plastic strain. When the unloading cycle
included rapidly applied loads there was a rise in stress at the general-
_xed or effective stress where finite strain plasticity recomenced on
reloading, the magnitude of the outer yield surface increased but the
subsequent response was in as close a correlation with the rate independ-
ent incremental theory of finite plastic strain as in the initial loading
for the same test.

The experimental aspects of this study also included the role of the
strain increment vector at the outer yield surface and during subsequent
loading; various types of time delay during the unloading cycle; the
role of creep; and, unloading chosen to exaiine in detail the interest-
ing properties of the outer yield surface itself.

Noting that the writer's incremental theory of finite strain defines
all stress and strain components in terms of the original undeformed
reference configuration, these cyclical loading experiments compare the
plastic response for components thus defined with plastic response in
which stress and strain components are referred to subsequent unloading
configurations. For the latter, the observed response functions are
disordered. Id cyclical loading, theory and experiment correlate only
when components are referred to the original undeformed state, as
assumed in the incremental theory of finite strain. Bren when the
unloading and subsequent finite strain ntervals occur as many as seven
Or eight times in an individual test, this correlation obtains.

(1),(2)Jes F. Dell, "A Physical Basis for Continuum Theories of Finite
Strain Plasticity,"Archive for Rational i s jWg]y.j. Part I:
Vol.70,pp.321-338 (19T,7I);Prt U: Vol--'i.75,pp. 104-126 (1981).

(3) Jamm F. Bell and Akhtar S. Khan, 'Finite Plantic Strain in Annealed
Copper during Non-Proportional Loading." later at'l Jul. Solid@ _
Structures, Vol. 16, pp. 573-583 (1960).
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PLASTIC WAVES IN A CIRCULAR CYLINDRICAL ROD

T. W. Wright
Ballistic Research Laboratory, APG, MD 21005

Rods are simple structures that are often regarded as one-dimensional con-
tinua, but because of finite transverse dimensions, propagating waves are sub-
ject to dispersion, which may mask other effects. A linear theory [1] and a
nonlinear generalization [2] have been published to model the dispersive effect
in elastic materials. Some of the principal features of those theories are as
follows. There exist two characteristic wave speeds that may carry discontin-
uities in acceleration or stress gradients. Nevertheless, for problems of
pulse propagation the main effect is a smooth wave and is carried by a third
speed. The first two correspond to bulk speeds, and the third corresponds to
the bar speed. Periodic steady waves in either the linear or nonlinear case
can be found, and solitary steady waves can be found in the nonlinear case.

The rod model discussed above may be viewed as a one-dimensional continuum
theory with one internal, scalar variable. The same structure may be used to
model plastic waves in a rod. That is to say, the same kinematic and stress
variables may be used to model plastic deformation as have been used for elas-
tic deformation. The increment of mechanical work done on an element of the
rod may be written as follows,

dW n Sdw' * Pdu * Qdu',

where w' is axial strain, u is radial strain, S is axial stress, P is average
* radial pressure, and Q is the radial moment of radial shear stress. The prime

denotes the derivative with respect to the axial coordinate. In the nonlinear
elastic case the stress variables are obtained from a potential, but in the
plastic case a yield function and flow rule must be obtained after decomposing
the strains into elastic and plastic parts. This can be done in a plausible,
though not in a rigorous way.

In the plastic case, as in the elastic case, the bar speed is always less
than the fast characteristic speed, but it turns out that the" is a substan-
tial range of parameters for which the calculated bar speed is less than the
slow characteristic speed. Since the slow speed is the lower limit at which
information can propagate in the rod, the very low calculated bar speed pro-
bably indicates a major change in the mode of deformation such as necking in a
strong tensile pulse or ushrooming in a strong compression pulse.

Systematic scaling and expansion procedures are being developed for pulse
propagation so that the structure of solutions may be examined more completely.Some special solutions will be discussed.

(1] R. D. Mindlin and G. Herrmann, A One-Dimensional Theory of Compressional
Waves in an Elastic Rod, Proc. 1st U.S. Nat. Cong. Appl. Mech., pp. 187-
191 (1950).

[2] T. V. Wright, Nonlinear Waves in Rods, Proc. l rTAN Symp. on Nonlinear
Elasticity (Lehigh, Aug. 1980, to appear). See also Tech. Rpt. AMBUL-
TR-02324, Ballistic Research Laboratory, Aberdeen Proving Ground, ,
May 1981.
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ON TME K nTICS OF TWINNING

MarLo Pitterl
Univeraita di Padova
SainarDo Xiteatico

Padova, Italia

Most theories of twinning are essentially kinematic and
&Im at explaining some features of the phenomenon, like twin-
ning planes and twinning directions for various crystalline
species. We outline a kinematic theory of twinning which is a
continuum theory, that is, Involving gross quantities like the
gradient of deformation. On the other hand, the material
symetry of the constitutive equations is such as to retain
some features of the description of a crystal in terms of a
crystalline lattice. We show that the definition we propose
is consistent with a number of twinning modes in the cubic,

tatraon&l and hexagonal classes and show that, in a simple
case, we get results consistent with experlence from the
kinetmatics we propose and thermoelastic equilibrium theory. I
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Interrelations among Hardening Rules, Minimum Work, and Uniqueness
in Finite Multiple-Slip of F.C.C. Crystals*

Kerry S. Havner

Department of Civil Engineering, North Carolina-State University
Raleigh, NC 27650

As first argued in [1], one cannot expect hardening rules that represent
qualitative features of finite distortion and latent hardening of single crystals
under axial load to uniquely predict experimentally-observed response in mul-
tiple-slip orientations. For double-sip positions of f.c.c. crystals, the postulate of
minimum rate of plastic work (for a given axial-load rate) introduced in [i] and
further explored in (2] resolves the question of uniqueness for several plausible
hardening rules (including classical Taylor hardening and the "simple theory" of
rotation-dependent anisotropy first proposed in [3]) in favor of the highest sym-
metry deformation mode, which seems physically likely. In higher symmetry posi-
tions (4, 6 or 8-fold symmetry), minimum plastic working follows from loading axis
stability and axisymmetric deformation, but the converse does not necessarily hold.
For such cases an hypothesis of minimum plastic work to second-order in nominal
stress increment is suggested and its consequences investigated as regards unique-
ness for different hardening rules.

[1] Havner, K. S., A theoretical analysis of finitely deforming f.cc. crystals in

the sixfold symmetry position. Proc. R. S Land. A 378, 329-349 (1981).

[2] Havner, K. S., Minimum plastic work selects the highest symmetry deformation
in axially-loaded f.c.c. crystals. Mech. Materials 1, 15 pp. (1982, in press

[3] Havner, K. S. and Shalaby, A. H., A simple mathematical theory of finite dis-
tortional latent hardening in single crystals. Proc. R. Soc. Lond. A 395, 47-70
(1977).

*This work was supported in part by the U. S. National Science Foundation, Solid
Mechanics Program, through Grant MEA-7803154.
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Session TH-5: BOUNDARY METHODS

Organizer: I. UIRERA. Universidad National Attonoma

Chairperson: G. ALDUNCIN, Universidad National Autonona
de Mexico

Co-Chasirperson: M. M. TANG. University of Missouri-Rolla

* 9:30 - 10:00 1. NE1UEEA. Ihiversidad National Autonoma do Mexico:
"Foundations of the Use of Complete systems of
Solutions"

* 10:00 - 10:30 U. BRISK. Teclmische Bachachule, Aachen, W. Germany:
"Applications of the Extrapolation*Method"

10:30 - 11:00 COFFEE SIM*

* 11:00 -- 11:30 G. hLDUNCIU, Thiversidad Nacional Autonoma de Mexico:
"boundary Methods In Contact Frobloe"

* 11:30 -12:00 F. J. SACZ9-SEUI&, Vaiveroidad National Autona
de Mexico. Noxico:
"Domadary Methods In Scattering of Elastic Waves"

* 12:00 -12:30 M. DRAIISKI, University of Southern California,
Los Angeles:
"Diffraction of F, IV, and Raylaigh Uwe by Two

Alluvial Valleys of Arbitrary Shape
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FOUIIDTIOS OF THE USE OF COMPLETE SYSTEM OF SOLUTIONS

Ismel Herrera d
Unkiversidad National Antonoma d Mexico

lIMAS - D. F. Mexico

There are two main approaches for the formulation of
boundary methods; one to based on boundary Integral equations
and the other one, on the use of complete systems of
solutions. The author has given extensive descriptions of
the latter methods (1-31. Their theoretical foundations
embrace the following aspects:, a) Approximating procedures
and conditions for their convergence-, b) Formulation of
variational principles; and c) Development of complete
system of solutions. Here. a general exposition of those
foundations is given. Among the procedure Included are the
null field and the source methods.

References

Elmet in Fluids Vol. IV, LLH.Gallagher,at al..

2. ads., Johs Wiley 6 Sons, 1962..

3. 1,Hrer,.aheaia Foundations for the Use of

Boundary EeetVl .CA rbla.

Pestech Press, 1962. (In press)
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APPLICATION OF THE WRTAPOLATION UETUD

Ulrich Reise
Techniache Hochschule, 5100 Aachen, W. Germany

Numerical results of the boundary Integral equation method are extra-
polated. However, this paper could be Interesting also for users of other
methods (e.g. for users of tise finite element method) since in principle
extrapolations are applicable whenever results depend on a step size.

For numerical treatment of integral equations the boundary is usually
divided into elements and the sought function i approximated by a linear
combination of given functions over each element. The coefficients of
th cobnto are determined e.g. by collocation. To Improve the

accrac ofthereslts eiherthe number of elements or the degree of
Interpolation can he Increased. The extrapolation metbod considered
here is capable of yielding extremely accurate results with a relatively
small nuwer of elemnts and a low degree of interpolating functions.
Its principle consists f solving the problem in question not only once
but a time with dIffcrustiv fine divisions of the boundary into
elements and of combiliing the a solutions in a suitable maner.

The knowledge of the functiou f (h) occurring In the asymptotic
expansion of the error c(h) repres. 4 ts a presupposition for application
of the~extrapt-lation method:

where a is the umerical solution. It depends on the length h (-,..

of the elements of the i-tb discretisation. a* is the cr ~n
exact solution.

Neglecting the error term I (ht) of higher order one obtains a system
ani of approximations a~for the coefficients

Usually ie Is much more accurate than the best one of tie values a (hI)
directly calculated with the aid of the boundary Integral equation'
method.

for extrapolation of numesrical values It Is necessary that the
unknown exact solution Is unique. However, the operator of one
Important type of Integral equations has Isolated sero eigenvalums,
i.e. arbitrary. linear combinations of the corresponding eigemfunctioms
are superimposed on the solution. It Is shown by em em@Wle bow unique-
ness cam be enforced. Certain eigsntuactions of the adjeint operator
are added to the kernel. These can be Interpreted mechaically se
layers of edge dislocations.

U.aNise, Rlemoval of the zeroe igenvalues of Integral operators in
elastoetatic boundary value problins, Acts Mechanica 41 (1981),
4141.



BUW5 NVBODS in COMTWT PROLEM

GONZALO ALDUNCIN

Divisi6n do Katudios do Posgrado

Univoraidad Nacional Aut6noma

do Mixico. 04510 Ndxico. D.P.

ABSTRACT.

This talk in devoted to explain the application of

boundary methods, formulated via approximations of complete

systems of solutions, to contact problems or, in general,
to problems with unilateral constraints on the boundary.
zxamplos from elastostatics and heat conduction theory are

presented.

-N,
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4 BOUNDARY METHIODS IN SCATTERtING OF ELASTIC WAVES

Instituto do Ingenierte, Universidad Nacional Autfinona do Nazico

Altrieiee bondrnteral equary. h method hastbeen apiedi
coitio wiesto problemi of scattering of eastnic Swaves bounda. sere
ae eaen ihe me o tompete scattriof sofn elsticussed, ad aylin
avtries bounay irrlrte nterl suae of ae elatc haspace. Suplih

irregularities are of the types shown in figure 1.* Som numerical results
are given. They are compared with those obtained by Wong (3) who uses a
boundary method which employs solutions for line sources.* Some possible
applications in arthquake engineering and engineering seismology are
discussed.

REFERENCUS

1. Egland, R., Sabs, P. J.. and earrae. I.. "Scattering of -6 waves
by surface cavities of arbitrary shape using boundary methods".
Pk#6ia& ej t Eat* and Ptaawesky Int.akZOA, 21 (1960) 148-157.

2. Slaches-Sessa, V.J., Herrera, 'L, and Avilis. J., "A boundary method
for elastic wave diffraction 4 Application to scattering of 53wae
by surface irre laitiase, SUltbi oi tkt SetSaogim Soc.(etgoi
PAN019W6 72 (162) 73-9O.

3. Wanmg, 3. L. 0Diffraction of P. SY, and Rayleigh waves by surface
topographies", University of Southern California, Report Mo. C979-05,j
(1979).

Canyon Aluvial valley

Ridge

ri9 1. 2""e of surface Irre.gularities In an elastic
half-spae
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DIFFRACTION OF PSV, AND RAYLEIGH WAVES BY TWO ALLUVIAL
VALLEYS OF ARBITRARY SHAPE

Narijan Drevinski
Departent of Nechanical Engineering

University of Southern California, Los Angeles

Plane strain model for diffraction of harmonic waves
by two alluvial valleys of arbitrary shape is investigated
by using a boundary integral method. Perfect bonding
between the valleys and the half-space is assumed. Dis-
placement field is evaluated through-out the media for
linearly elastic, homogeneous and isotropic materials so
that the continuity conditions between the valleys and the
half-space are satisfied in mean square-sense.

Numerical results are presented for two semi-elliptical
valleys for incident PSV, and Rayleigh waves for different
angles of incidence (P and SV-waves). It Is shown that the
surface motion depends very much upon the angle of incidence
and the type of incoming wave. Maximum surface motion is
observed atop the valley which is in "shade" of the other I
valley relative to direction of the incident wave. Com-
parison with the single valley models indicate that the
presence of the additional valley changed significantly
the surface response atop each of the valley. This is a
different result when coared with the one for the anti-
plane strain model, where milluminatedu valley detected very
little the presence of additional valley.

y',!
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Sesioa 1-6: INM6AIEA ASIM OF FlACMU1

Organizer: M. COM IIU , University of Michigan
Chairperson: J. 1. BARBEO, University of Michigan
Co-Chairperson: N. C. HUANG, University of Notre Dame

* 9:30 - 10:00 S. UNMAT-MASSKIR and M. NhMI, Northwestern University:
"Compression Induced Crack Kinking and Curving with
Application to Splitting, Exfoliation, and Uockburst"

* 10:00 - 10:30 G.A.C. GRAAM, Simon Fraser University, lurnaby, Canada:
"Crack Problems in Viscoelasticity Theory"

10:30 - 11:00 O)WVF B311K

* 11:00 - 11:30 N. CMINDU and J. R. SAUERi, University of lchigan:
"The Penny-Shaped Interface Crack with Rast now:
Imperfect Contact Case"

* 11:30 - 12:00 N. KIKUCHI, University of Michigan:
"A Finite Elemet Analysis of Crack Problems Involving
Closure"

12:00 - 12:15 K. P. 313*3 and L. N, 13M, Northwestern University:
"A Si-Iafinite Plane Crack on a bimsterial Interface"

4W.
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COWUSSiou mumJC CRACK KIUKIUG AMD CURVING
WITH APPLICATION TO SPLITTING, ZVOLIATION, AND ROCKIURST*

S. Menat-Nasser and R. Uorii

Department of Civil Engineering

Northwiestern University
Evanston, Illinois 60201

AISTEACTI
Kinked and curved extens ion of a pre-existing crack induced by

compression in linearly elastic brittle solids is analyzed, and it

and on the friction factor, kinking occurs for a wide range of pre-

existing track orientations at an angle close to 700 from the direc-
tics of the pre-existing crack, and curves and grows parallel to the
direction of the maximum comression. The growth process Is stable
initially. but the rate of increase of kink length with respect to
the increasing axial compression dramatically increases after a cer-

tain kink length io attained, and, in fact, the kink Length becesaI ' unbounded, If a small lateral tension also exists. Various limiting
cases are examined, ad the corresponding analytical estimates are
compared with the numerical results, arriving at good correlations.
A series of qualitative experiments are performed on glass plates a'd4
thin plate* of Colmia resin CR 39, arriving at excellent agrement
with the analytical results. In light of the analysis, the phenomena
of axial splitting, exfoliation (or sheet fracture), and rockburst
are examined, end it is samn that they my all be the results of
kinked curved tensile crack extension induced by great comression.
This assertion is then supported by a series of experimts which
show that compression induced tension cracks sees to have no tendency
to move toward the free surface, but rather they extend more or loe
parallel to the free boundary, In the direction of maxim comres-
sion. Possible lateral buckling which may result, and which my
cause further unstable crack extension, Is illustrated experimtally
and diamuseed In an effort to shed light an the phenomena of rock-
burst and surface spaliation.

*This work haa been supported by the U.s. Air Porce office of scien-
tific Research, Grant go. AIUOR-80-0017 to Nortlureste n iversity.



Crack problews in viscoelasticity theory
G.&.C. ausham

Wfathnstics, sloos Fraser Uhivetaity. Burnaby, D.C., Canada VSA 186,

To & degree greats, than their elastic Counterparts. viscoelastic
boundary value problems for cracked bodies A"e subject to difficulties
arising fru the unilateral nature of the boundary conditions that
should be stisfied over the crack face. For a crack of constant
length in a body loaded in teas ion/compteasion perpendicular to the
plane of the crack III or subject to an alternating field of pure
beading 121 eoLysee of at least the Initial phase of the antcmo havo
been waft. Is the foroer cam a uiftomrehensive treatent incltiding
& steadl state solution hoo been given flor a standard Linar solid, 131.
For a dtrial whose rextion fiotiosts vanish at Infinity (e.g. a
Hoonell body) steady state solutions to the problem described in 1l1
121 my be obtained froo a direct analysis 141. All these solutions
involve guress intensity factors that can change sign and crack/ opeoning he its elastic analogue would be closed. Thes probLes
described In Ill io in eme y. bifler in the content of & crack
that grown whenever it isaentirel opn (5: -In that case the crack
is open or clms& Seeninga on whether the boy in in tension or
ompression ad the strums Intensity factor does not boomse negative.

(11 G.A.C. Grahe, larsse and *isplacmauts in crack"d linear
vinzooiame bales; that are acted wpm. by altaxnatlag tensile
ad aamrsessiws bade, lat. 3. Regog. Oct. 14 (1976), 1135-1142.

(21 G.A.C. aam, Viesolastic crack, is 4 11.1o ogar bendins.
131 G.A.C. Gabow ad G.C.N. Sabin, Steady stats solutions Vot a

craked stansbed lingar viscoelastic beft, IA~schncs asuesrob
OMnictions, !(91,361-368.

(41 G.A.C. 0011O adE IL OMLOU, Periodic solutions of viscoeLastic
-odr usau problem.

(51 G.JLC. O~kbm. &M O.C.S. Sabin, Uae opening and closing of a
gowing crack in a linear visboelastic body that to swbect to
alternating tensile Ma cowessive loads, Ma. .ourn. of
Fracture 14 (1973), 639-649.
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II

THE PENNY-SHAPED INTERFACE CRACK WITH HEAT FLOW:

IMPERFECT CONTACT CASE

Maria Comninou
Department of Civil Engineering

J. R. Barber
Department of Mechanical Engineering & Applied Mechanics

University of Michigan
Ann Arbor, MI 48)09

A solution is given for the thermal stresses due to a penny-
shaped crack at the Interface between dissimilar materials loaded in
tension, for the case where the heat flux Is into the material with
the lower distortivity. Regions of separation, Imperfect contact and
perfect contact are developed at the crack plane. A harmonic
potential function representation Is used to reduce the problem to a
four part boundary value problem which is formulateJ at a set of
simultaneous Abel integral equations using the ,ethod of Green and
Collins. These equations are further reduced to a single Fredholm
equation which Is solved numerically. Interface tractions and
stress functions are presented for representative cases.

The effect of heat flow is profoundly Influenced by the relative
signs of Dundurs constant B and a constant y describing the mismatch
of distortivitles. If the more distortive material is also the more
rigid, the contact region of the crack face is increased by heat flow.
Otherwise it Js reduced.
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A FINITE ELEMENT ANALYSIS OF CRACK

PROBLEMS INVOLVING CLOSURE

Noboru Kikkuchi

Department of Mechanical Engineering and Applied Mechanics
The University of Michigan
Ann Arbor, 1i i8lO9

Although there are rather complete studies of crack problems In-

volving unilater#l contact, few attempts have been made to solve the

problem using finite element methods. One of the difficulties in the

process of finite element approximations is the well-known singular

behavior of the stress arv4And the crack tip. In this article, a mesh

optimization aipproach is used to Improve the quality of the finite

element-.pproxonntion Instead of the Introduction of a "singular

lement" around the tip. Another feature of the present study is the

unilateral nature of cracks. For the opening case, the problem becomes

a usual crack problem. However. if the closing case is Included, a

contact problem with friction must be solved. Two approaches are used

in considering the unilateral contact. The first is essentially the

penlization - regularization method combining incro1mel analysis and

Is popular In the area of finite element methods. The secon approach

is a method combining the classical end finite element analyses. The

local nature of the contact Is considered by the existing analytical

solutions whereas the remaining part of the problem is taken care of

by finite element methods. Comparison of the two approaches is discussed

for several problems.
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A SEMI- INFINITE PLANE CRACK ON A

BIMATERIAL INTERFACE

K. P. Meade and L. M. Keer
Department of Civil Engineering

Northwestern University
Evanston, Illinois 60201

The problem of a pair of point loads applied to the faces of a semi-

infinite plane crack on a bimaterial interface is considered. The vector-

ial representation of Trefftz for the displacement vector is used in the

formulation.

The first step in the solution is to consider the elastic equilibrium

of a half-space where part of the surface is fixed and on the remaining

part a normal point force is applied. A straight line divides the two re-

gions. This represents a limiting case for the title problem where one of

the materials is rigid. The solution is obtained through the use of inte-

gral transforms which must be inverted numerically. Stress-intensity

factors as well as level curves for the stresses on the fixed portion of

the boundary are obtained.

This procedure is extended to the case where normal point forces are

applied to the faces of a semi-infinite plane crack on a bimaterial inter-

face and similar quantities are evaluated. The case of applied shear

forces is also discussed.

-139-

~,#..,..



Session TN-7: DYNAMICS OF COMPOSITE MATERIALS

Organizer: T.C.T. TING, University of Illinois at Chicago
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Co-Chairperson: T. MURA, Northwestern University
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"Higher Order Asymptotic Solution for Wave Propagation
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SALLISTIC IMPACT DAMiAGE IN FIDRR-REINORACED COIPOSITE lAMINATES

L. 1. Malvern. R. L. SIerakovmki. C. A. Rose. C. T. San.
R. V. floddingtou and S. K. Chaturvedi

Engineering Sciences Department
University of Florida, weesville, nL 32611

Abstract

Ballistic Impact experiments on glass/epoxy laminates have
revealed that a sequential delamination mechanism, Initiated by a
generator strip cut out of the first Impacted lamina. is a
significant factor In energy absorption at subperforation
speeds. A linear relationship was found between impactor kinetic
energy and total delamination area (above a threshold speed).
Effects of variations in Impactor length. mass and nose she and
of laminate stacking sequence hawe been Investigated. Details of
the transient deformation vave and of the generator strip and
delamination crack propagation have been recorded by high-speed

photography and by strain gages and other sensors.

Previous results are reviewed,-and recent results obtained
with an eight-channel transient recording system are presented.
The residual or retained strength and stiffness of impact-damagedaf
plate* has also been studied In static three-point bead tests.4
The Investigation has recently been extended to other materials
(graphite/epoxy and Kevlarlepozy). Qualitative differences were
observed between the effects of laminate stacking sequence In the
graphite/epoxy and glass/epoxy plates for the 0*/90' laminates
prepared from unidirectional prepreg tapes and cured In an
autoclave.

References
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FORCED NOTIONS OF ANISOTROPIC COMPOSITE PLATESt

3. IL Reddy
professor. Department of Engineering Science and Plechanics

Virginia Polytechnic Institute and State University
Blacksburg. VA 24061

ABSTRACT

A shoea-flexiblo finite *1lent Is emplo.yd to Investigate the
transient reepem of laered composite plates ft Tholement is based
on the equations goveraing the heterogeneous laminated plate theory that
acounts for the transverse s&eer strains and large rotations (in the
von Kann"n sense). TIM cleged-frm solution to the timer theory ame
shown to exist for tue differamt laintion schemt under apprtgilite
beondary conditions, mnd sinvedal distribution of the tro~evefte
load. The cl3sed-form solution ane -te Ia fit the form of oriey
dlfferbmtial eutions in time, andth ordinary difftrantial equatfbo
are integrated usin the Nowmerk direct integration method. NMerical
meolts for deflections and stresses are presented shwng the effect of

plate side-te-thickness ratio, aspect ratio, material orthotropy, and
lamination scheme. The results presented herein should be of Interest

to cmpoite-trutvr desgnes ad toexprimntalstsandnumerical
analysts in verifying their resufts.

1. Mddyg J. IL, 0 the solutions to forced ootioat of ractefigular
composite plotes,O Report ft. PI-E-81-24, Departmt of Enfineering
Science and ftchaics, VP! SUp, Blacksburg, Va.

tflhis Investiption Is supported by the tructural Nochanics Progam of
the Air Force Office of Scientific "esearch (APOSR) throug Grant APOS-
81-0142.
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ON MODELING IMPACT RESPONSE AND DAMAGE IN COMPOSITE LAMINATES

C. T. Sun
School of Aeronautics and Astronautics

Purdue University
West Lafayette, IN 47907

Abstract

When a composite laminate is subjected to impact of a hard object,
stress waves and damage are produced in the laminate. In general, the
energy imparted from the object to the target laminate is absorbed in
two forms, i.e., the vibration energy stored in the laminate and energy
dissipated at the failure cites. The latter is responsible for the so-
called impact damage which causes reduction in strength and fatigue life
of impacted composite. The separation of the two forms of energy is an
important step in quantifying impact damage.

In this paper, a complete procedure for modeling the impact phenom-
enon is presented. A static indentation test was used to establish the
contact law for a spherical object and a graphitetepoxy laminated com-
posite. The contact law consists of loading and unloading parts. For
loading we have

1*~ .5I~ a- ka l '

where F is the contact force, k is a contact rigidity coefficient and a
is the indentation. The unloading curve is given by

F -mo .

where F is the contact force at which unloading begins. is the
1idntaefion correspinding to Fm, and so is the permanent indantation.

The measured contact law was then Incorporeted Into a plate finite
element program for computing the contact force history, the d4ymic
response of the laminate abd the energy dissipated during impact. Ex-
periments wore conducted to measure the contact force and the 4"toic
strain responses at various locations on the laminate. The experimental
results were found to agree with the finite element solutions.

Included In this paper are experimental results for residual
strength and fatigue life of the lanato after impact. Th reduction
in strength and fatigue life was correlated with a plastic energy result-
Ing from impact.
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jH1GHER ORDER ASyMPTOIC SOLUTION FOR WAVE PROPAGATION
IN ELASTIC LAYERED COMPOSITES

T. C. T. Ting
Departuelit of Materials Engineering

University of Illinois at Chicago Circle
Chicag@, Illinois 60640

~atvpoagtinsemit th lcysrji4 of 6 semi-infinite

unit Cell of th. composite Consists of '"Mo lay"T of kisoeft not
necessarily isotropic, elastic materials. The stress response at
the N cells distmoe from x .0 is obtained by on asymptotic
anealysis. By comparing the ome'tqrm, two-twom and tbwe-tem Wpp-
totic soUIft, we Obtain the values of N ber %kith veals *inyM-
~totic solution my be considered as a reasonable apptrowislat avliation.
Pinally, we apply the throe-tem asyp~totic solution to N a S and
compare the remilt with the exact solution obtained by the ray theory.
Good agreement Is obtsifted ewe for this small value of N

A-*t. funsll, C. 30tkias, A. tkrtn'ecu, 0. uMee end G. Vorchery,
pp 707-713, 1980.

AMUCIOI OFiWtI 4MWIL L131
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view. ft taovo to amose she samie aanstei
presim eurf an, m ftesaa A" den aen .gnfleW Rhe pbe. Is
tsmmetry, Anu attiOU Of the SAW10esede V10oeser. It %60 so
torte and defoontmf ats a 4ta . Use asiul
etween ew umnuve Sean d 6ef0 i, ibes'" tons"Mo Is
ated to te aps is aaead am She basis of iba thewip of epsein

ebsle.. Aplication of shall thaowy to Set of 0he blade types Of
eoinesern to ageoWBOe particalar an~*m is Plaed em tdo mesh-
ae of the Problem of tba tlettaei ef en lots" td qbsrioa OW2

and Ito saiuelosaftV to the eparstien of a %fay4Uft OWROW.

L S. Ihesy and . Nes 3?. 1939, pp. 495-507.
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Session TM-8: EZIPRINAL ASPECTS OF ONSTITUTIVE

organizer: aI. F. BRINSONK, Virginia Polytechnic Institute
and State University
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"Viscoplsticity. Theory and Experiment."

12:00 - 12:15 2. 221GEMG and W. MIARM, Academia Sinica, China:
"The Relationship between Loading Rate sed the

Compressive and Tensile Strength of Granite Specimme"

12:15 - 12:30 Y. Z. HASSAN, Ontario Research Foundation, Conada and
K. E. MACHIM, University of New Brunswick, Caas":
"Dynamic Stress Concentration In Plates Subjected to
Biaxial Impact"
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Experimeetl and Analytical Correlation of
Seweal Rate Dependent Thatmomchentcal

Costitutive Equation at 1levated Temperature

David M. Allen 4
Assistant Prefeser

Arepae. Unineing

Wasw E. Walser
Profeso

Arepa fivieeieg

Walter L. Bradley

Tonas A & N Uniarafty
Co~llege Statism, TI 77643

During the Past dwscamsMMl sdvi. eewds has 6Mn initiated to
quaaty a'Ytically the precise lu ical cmsetitutiem of crystal-

lin A&SS t 00 tre.. ft"Is, ~40i ib is tion In-
cdadt the MCI I b m ungically bowe guoal 0 epese b i r4ov, ot al. [I].
dothesifner vimemosatcit tamay press d bV ~rrE2]. and the deas-
skl plasticity bauy bhe MI.. sod luer 31i Theme audes are similar
to that each is fn ttd Wftas -M %"*Mrl StAft vW4rible reprsetintg
the distw'tam density a&d ds4emtlun aremgm n. U"y di~e consider-
abl in tke Prowt ta far am* of them iat.13 vtate urimbes. There-
fan., a controlled easpermntal pyo is vaderumy to deteralme the accor-
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Experimental Aspects of a
sionlnear Viscoelastic Pbdel for

Graphite/Epo.V Lami nates

D. A. Dllard
Engineering Mechanics Deparment

thiversity of Ossouri-b1lla
Rolla, Missouri

H. F. Brinson
Engineering Science and Mechanics Department

Virginia Polytechnic istitute
B1lacksburg, Virginia

A discussion indicating laminated fiber-reinforced composite materials
are finding nimerous applications in a variety of fields as designers strive
for lightweight structural components is given. Associated with this inc-
reased usage, is a growing concern over the long term structural integrity of
composite systems. Athough the fiber reinforcement may exhibit minimal time
dependent response, the currently used polymeric matrix systems do exhibit
substantial viscoelastic behavior. liese time dependent processes are greatly
accelerated by elevated temperatures, absorbed moisture, and higher stress
levels. To ensure long term structural integrity of these material system,
accelerated characterization procedures are needed to allow the designer to
predict the long term behavior of a general laminate based on a minimal amount
of short term tests [1, 2]. A numerical procedure is currently being devel-/ oped to predict the response of a general laminate based on short term tests
on the unidirectional material [3].

A nonlinear viscoelastic model based on the Findley procedure [4] has
been used to accurately represent the creep of several graphite/epoxy com-
posites. Applying this approach to unidirectional 08, 900 and ID" off-axis
tensile specimens, the viscoelastic response of a lamina can be characterized.
The resulting lamina model has been useful for representing the behavior of a
lamina in a nierical procedure to predict creep and delayed failures of gen-
eral laminates. Also, independently, the Findley procedure has been used to
characterize the nonlinear viscoelastic behavior of general laminates.

References:

1. Brinson, H. F., 0. H. Morris, and Y. T. Yeow, *A New Experimental Method
for the kcelerated Characterization of (1omposite Miterials," Sixth Inter-
national Conference on Experimental tress Analysis, Munich, September 11-
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of Laminated Saphite/Epoxy Oamposites,s V"I bport OVPI-E-81-3. Macks-
burg, VA 1981

4. Findley, W. N., and 0. a. Peterson, *Prediction of Long-Tim Creep with
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-167-

4- . -- -'



Constitutive Obdeling of Engine Obterlals

Dr. T. Nicholas
AFVAL Oterials Laboratory (1LLN)

Wigt-btterson Mr Rbrce bse. OH 46433

Turbine engine structural coponent are subjected to extrames in teer-
ature and stresses. In advanced mlItorl englins, disks can undergo inelastic
eand time-dpendet deformation especially in the regon of ttress concentre-
tions. In order to accurately predict coqwnent life. the terial behavior
must be realistically described in a coputationally efficient form. The
model ust be able to describe monotenc as oll as ccl1c loading. creep and
relaxation, and strain rate effects. 7he constants in the model must be ob-
tained fromsimple laboratory tests.

this paper fescribes the testn2 progra used to gamra extpeirmatal
data on three nickel best syperellys used as turbine disk merlals t Mr
Force engines. The types of tess and date are described alang Vth the pre-
cedres for determining intertal costawts in several constitutive moeels
which art used to describe time-dependent inelastic mterlal beavior. In-
eluded .reihe bifner-fta. fteawmmwtal 6ti-ni .- medal aict lc1vin teed
history efftcts tbrough the use ef a sUt varibl. Witiem of the Ih1vere
overstress model combined with Ortens low for creep are als stesao d. lip-
plications to probho inwlvng cracked geomtris are pessma and #is-
cussed.
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VISCOPLASTICITY. TUED)R. AND 1PJERINUT.

Erhard Krepl
Department of Nechanical Engineering,
Aeronautical Engineering h Mechanics

Rensselaer Polytechnic Institute
Troy, New York 12181

Abstract

The theory of viscoplasticity based on total strain and overstress [11,2
and servocontrolled testing vith strain msasurements on the specimen gage
length are used to illustrate the necessary Interplay between experiment sad
theory in constitutive equation development. All tests are done at room tem-
perature on AISI Type 304 Stainless Steel and on a Ti-alloy. Both materials
exhibit significant rate dependence creep and relaxation in the plastic range.

The uniaxial version of the theory contains two material functions, the
viscosity function which depends only on the overstress. and the equilibrium
stress-strain curve. It is operationally defined as the stress-strain curve
traced out as the loading rate approaches zero. In constant strain(stress)-
rate loading the constitutive equation, linear in the stress and the infini-
tesimal strain rates but nonlinear in stress and the infinitesimal strain,
admits an asymptotic solution which is rapidly attained.

For the determination of the equilibrium stress-strain curve relaxation
tests with extrapolation to an inelastic strain rate of 10- 12 a-' are Most
suitable. Alternatively strain-rate change tests involving two orders of
magnitude are used in conjunction with the asymptotic solution to determine
the overstress and therefore the equilibrium stress (3,41.

The three-dimensional, infinitesimal, isotropic formulation requires theuse ofa generalized Polson's ratio. Using strain gages and axial and trans-

verse clip-on extensometers, Poisson's ratio is determined in uniaxial mono-
tonic and cyclic loading. Results show deviations from the constant volume
assumption of inelastic deformation. The viscoplasticlty theory based on
overstress permits the inclusion of these inelastic compressibility effects.
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THE RELAIONSUIP StMIN LOADING RATE AND TUE COMPRESSIVE
AND TEISILE STRUUGT OF GRANITE SPECIMENS

by Zhu Reigeng and Vu Niauba

Institute of Rock and Soil Neohanios. Academia Slie,
Wuhan, China

Rook wass is subjected to dymamic load at different load-
ing rates during propagation of stress wayo from the focus
by the rook mame. It is of importance to seek after the re-
lationship between the loading rate and the compressive and
tensile strength of rock for studying blasting effects in
rock mas*, determining safty distance and evaluating stabil-
ity of geoteohnialo projocts. et..

Some compression eand donule punch tests have been con-
ducted to five groups of c7linder-shaped granite rock spec-
imens s@es of 990m I 190m= and 0"10mm 1105.. at different
loading rates in the rafge from 10 kg/msa/see. to lO'kg/cm"
/see., by a fas meudranlic loading machine which the max-
ImUm load is 400 a and the fastest rise tin Is as.

Conelusion@$
I. The grenite rook specimens gain msh in compressive

and teingle strength with lifting the leading rate. The for-
muiation of this problem is masumed by those tests as fol-
love:

oe a (14+ Di 1g.f. + D2 (1lg+-.)

whore a, and bo are the static value of strength and loading
rate. a and & are the dynamic value of strength and loading
rate. 01 is 0.075 and D2 is 0.030 In compression tests, D,
Is 0.050 and Dt ts 0.007 in tension tests.

2. Q. the rate of the cempr ssive strength and the ten-
sile strength of the granite specimens, Increases with the
loading rate going up. Some data are presented:

lg O 0 1 2 3 A 5

Q 13.0 13.6 14.5 15.5 17.0 20.5

Fair agreemet between results and practical problems ha
been obtained.
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Dynamic Stress Concentration In
Plates Subjected to Biaxial Impact

Y.E. Hassant and K.E. Machin*
t: Section Head, Engineering Dynamic Analysis, Ontario Research

Foundation, Mississauga, Ontario, L5K 163
*: Professor, Mechanical Engineering Dept., Univ. of ftw Brunswick,

P.O. Box 44sO, Fredericton, N.B., Canada

Response of structural discontinulties in plates sub-
jected to blaxial Igipact is Investigated experimentally using ex-
plosively Induced stress pulses. Series of tests were performed on
aluminum plates with and without discontinuities. Each plate is
subjected to two independantly Induced pulses. The apparatus used
in this investigation consists of a long aluminum plate ballisti-
cally suspended using threads of lo inertia and free to move in a
horizontal plane. As shown In Figure (I), the plate Is subjected
to two biaxial impacts, perpendicular to each other but in the plane
of the plate. Each impact is produced by lead pellets fired from an
air rifle. An automatic firing mechanism Is used to fire each rifle.
The two firing mechanism are connected together by a delay unit
which Is used to delay the operation of one firing mechanism with
respect to the other by a certain specified amount of delay time
which could be controlled from 0-200u sec. Strain gages were used
to measure strains at the discontinuity, a central circular hole of

* 3/4s Inch diameter, and the results were displayed on an oscilloscope.
The results are summerized in Figure (2) where the dynamic stress
concentration factors, K and K In direction I and 2 of Figure (1),
are plotted against the Lelay t'me between the two pulses. it is
concluded that the dynamic stress concentration factor decreases at
the point where two perpendicular compressive pulses meet. It is
also concluded that this effect Is greater for pulses with a wider
wave front.
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Consequences of the Second Law of Thermodynamics
for the Cattaneo-Maxwell Model

of RJ.qA- Jest Conductors

by

David R. Oven
Department of Mathematics
Carnegie-Mellon University

Pittsburgh, PA 15213

The kinetic theory of gases and the quantum theory of heat conduc-
tion in crystalline solids provide a basis for modifying Fourier's law
of heat conduction with a term linear in the time derivative of the heat
flux vector. From the point of view of continuum thermodynamics, it is
natural to give an interpretation of the modified Fourier law within a
set of constitutive equations which is compatible with the Second Law
and to study the resulting equation of energy balance. In this talk on
rigid heat conductors I describe joint work (1) with Bernard D. Coleman
and Mauro Fabrilio on compatibility with the Second Law and (2) with
Bernard D. Coleman on preliminary studies of the energy equation. In
the research (1) we take the Second Law to be the statement that the
integral along a cyclic process of the heat gained divided by the abso-
lute temperature not be positive and we show that there exists a unique
entropy function which obeys the Clausui-Duhem inequality. The smooth-
ness of this function yields an explicit formula for the internal energy
as a function of temperature and heat flux in which dependence on heat
flux cannot be trivial. The research (2) shows that the energy equation
is necessarily nonlinear in the heat flux - even though the modified
Fourier law is itself linear - and yields non-trivial travelling wave
solutions.

t
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Coherent Phase Transformations in Ntals and Rocks

by

R. D. James
Division of Engineering

grown University
Providence, RI 02912

Coherent first-order phase transformations are identified by sur-
faces of discontinuity of the deformation gradient or composition
produced by a continuous deformation. These transformations are respon-
sible for twinning and martensitic transformations in metals and the
coherent phases of some feldspars; as such they attract the attention
of both metal u mgists and geologists.

Same simple theorems of kinematics place strong restrictions on
the way such phases arrange themselves. An analysis of all possible
arrangements show that very few of thme meet the conditions of continuity
mentioned above. I shall present a brief description of the arrangements
which are possible, and then I shall consider further restrictions which
follow from the equatrions of equilibrium applied to the stress fields

• define4 an these arrangements. A definite st of "phase rulesO serges
whioh follow trow kinematics, equilibrium, synotry, 4,nd infinitesual
stability.

An application to the (225) habit plane in martensitic steels will
be discused.

A Theory of Pseudo-Rigid Bodies-
General Structure and Simple axact Solutions

by

Robert G. mcaster

Department of Mathematics
University of Illinois

Urbana, IL 61S01

Shells may be viewed as two-dimensional bodies with one director.
Rods may be considered one-dimensional bodies with two directors.
fseudo-rigid bodies are zero-dimensional bodies with three directors.
es main descriptors of the motion of a pseudo-rigid body are a position

vector locating the mass center and a director tensor for characterising
orientation as well as compression and shearing effects of deformation.

A theory of pseudo-rigid bodies rapresents the simplest step up
from rigid body mechanics to a theory of deformable bodies. In this
lecture a theory of pseudo-rigid bodies devised independently by Cohen
and iuncaster will be outlined. It is novel in that the basic governing
equations are ordinary differential equations.

The general structure of the theory, and its relationship to non-
linear elasticity will he described. Also same simple eact solutions
will be presented which indicate the value such a theory may have in
practical problem solving.
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Description of Mixing of Diffusing and lacting Fluids

in Terms of the Concept of Material Surfaces

by

J. M. Ottino
Chemical Engineering Department

University of Massachusetts
Amherst, NA 01003

The essence of fluid mechanical mixing of diffusing and reacting
fluids can be traced back to kinematics, connectedness of material
volumes, and transport processes occurring across deforming material
surfaces. Descriptions based on kinematics of homeomorphic deforming
material surfaces (tracers) are solely restricted to continuous motions
and conveniently analyzed by transport equations in Laqrangian frames.

Connectedness of material volumes restricts the mixing topology and
generates bicontinuous structures characterised by intersmterial area
ad striation thickness distributions. Upper bounds for area generation
and material line elongation are related to mean values of viscous

dissipation and govern the average reaction rate in diffusion controlled
reactions. Two concepts are introduced: micromixing, related with
local flows, rate of stretching, and local viscous dissipation, and
msacromixing, associated with connectedness of isoconcentration surfaces,
vorticity, and average viscous dissipation.

Several small-scale flows can be used to typify the interplay be-
tween fluid mechanics, mass and energy transport, and chemical reactions:
elliptically symetrical stagnation flows, vortex decay, and swirling
flow with uniform stretching. It is proposed that complex fluid motions
might be interpreted in terms of integrated behavior of populations of
small scale flows distributed in space and time to simlate mixing be-
havior.

The objective of this work is to present the foundations of a con-
tinuum mixing description making reference to earlier approaches to
demonstrate computational applicability and practical significance.
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anI THE3 LATIONSIIIP 3WI 53 13 LOGARITHMIC
$TRAIK RATE AND 133 SRUTC~HIN TUSOR

by

Morton Z. Gurtin and Kathleen A. Spear
Department of Mthematics

Carnegie-Mellon University
Pittsburgh, Pennsylvania 15213

In this paper we investigate the relationship between the stretching
tensor p, and the logerithhic (UencWq) Strain , UM, with I the left
stretch tensr. We establish the simple formula

which holds for arbitrary three-dimensional mtions. Rm IC is the
deformation gradient, (10h) is the tin* derivative of XUX measured in a
coordinate system which rotates with the left principal strain axes, andV.I
in the spin of the right principal strain auss. ge use this formula to shoR
that 12 -(mV'.)* (or, o~uivalently, 2(UnV*, tin Jausma derivative of

Y are constant on any -4e inbemal in which the anfer of distivict
prifciupal ststds is cetaut. Pinalif. we show that Urns esajotic

P. (lai)' + 0 (C 3

holds whenever the displacement gradient aftiaties 5 0(c).
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o NON-NEWTONIAN SECONDARY FLGWS IN TUBES OF NON-CIRCULAR CROSS-SECTIONt

Charles G. Speziale

Mechanical Engineering Department, Stevens Institute of
Technology, Hoboken, N.J. 07030

ABSTRACT

It has long been recognized that the steady flow of an incompressible
non-Newtonian fluid through a straight tube of non-circular cross-section
will not, in general, be unidirectional like its Newtonian counterpart [1,2].
Secondary flows occur in the transverse planes of the tube independent of
end effects. Here, the flow is initiated by a constant axial pressure
gradient which is maintained by external means. The tube is infinitely
long so that the velocity field and pressure gradient are independent of
the axial coordinate.

In this paper, a simple sufficient condition will be derived for the
onset of secondary flow. More specifically, it will be proven that
secondary flow occurs when the axial velocity gives rise to any non-zero
difference in the transverse normal stresses. The proof of this result
will be obtained by an analysis of the vorticity transport equation subjectt to the assumption that the normal stresses possess two continuous partial
derivatives with respect to each cross-sectional coordinate of the tube.
It will be shown how this sufficient condition can be utilized in a direct
manner to prove that for simple fluids such secondary flows constitute a
nonlinear effect (a fact which has long been recognized). However, it
will also be shown that, for non-simple fluids (i.e. fluids where nonlocal
effects are important), these secondary flows can arise from linear terms.
Applications of certain non-Newtonian models that have been utilized in
turbulence will be considered along with the prospects for future research.

REFERENCES

(1] A.E. Green and R.S. Rivlin, Quart. App1. Math. 14,299 (1956).

[2] C. Truesdell and W. Noll, Handbuch der Physik Vol. 111/3,
Springer.Verlag (196S).

*Research sponsored by the Exxon Education Foundation.
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NON LINEAR ASYMPTOTIC STABILITY ANALYSIS FOR SOLUTIONS TO NAVIER-STOKES

EQUATIONS IN A HALF SPACE.

Giovanni P.Galdi & Salvatore Rionero

Istituto di Matematica "R.CaccioopoltV,Mezzocannone 8.80134 Naooli.Itsly

We study uniqueness and non linear stability of steady solutions to Nvi--

Stokes equations in a half soace H. say, z*O.These solutions deoent n-'l

on the z coordinate orthogonal to z-0. The main mathematical dificu!:-e-

in treating this kind of problem are essentially

a) H is an unbounded domain with unbounded boundary,

b) Thh basic solutioni do riot have any summability proper-y

(in fact, they ere constant In both x.y directions].

We prove uniqueness of the above solutions in a class I of solutions

which are infinitesimal as z-ve and may even *grow" as (x *y2 +y-POD.

Successively, assuming that the initial perturbation is square summable

in H. we reduce the non-linear stability analysis to an elgenvalue oroble-

(which is shown to be solvable) and prove that if a suitable *Reynolds

number' associated to the unperturbed motion is not "too large th2n all
perturbations belonging to an I-type class necessarily belong to L !1)
and. moreover, become uniformly bounded in space for large time t and,

finally, tend to zero as t-4, in the supremum norm. The methods em-

ployed are essentially those developed in [).E2].

The above theory can be applied to several physically interesting cases

such as the buoyancy boundary layer [33 and the Ekmen boundary layer [4].

REFERENCES

1. G.P.Galdi & S.Rionero, Ann Mat Pure App (4) 115 (1977) 1i1-154.

2. G.P.Galdi 9 S.Rionero, Arch Rational Mach Anal, in press.

3. J.J.udis & S.H.Davis. J.Fluid Mech. 47 (1971) 381-403.

4. J.J.Dudis & S.H.Oaviso 3.Fluid Mach, 47 (1971) 405-413.
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On Conservation Laws in a Consistent Shell Theory

by
R. K:enzler*

Institut f6r Hechanik, Technische Hochschule, 6100 Darmstadt, West Germany
and

A. Golebiewska Herrmann
Division of Applied Mechanics, Stanford University, Stanford, CA 94305 USA

Within the framework of linear or non-linear elasticity, conservation
laws proved to be successful in calculating energy-release rates in frac-
ture mechanics or forces acting on mobile energy sources such as defects.
Invariance of the Lagrangian with respect to a group of material transform-
ations leads to path-independent integrals in three-dimensional and plane
two-dimensional elasticity.

Recently attempts have been made to establish path-independent inte-
grals for shells. It seems that the assumptions of first-orer shell
theories complicate the criteria as to what kind of transformations on a
curved surface are admissible. Application of a consequent quadratic
approximation of the equations of three-dimensional elasticity theory
results in a consistent shell theory. The Lagrangian takes all terms into
account up to the order h 2 /12e 2 . (h is the thickness of the shell and
R is a characteristic radius of curvature of the middle surface.) It
turns out that the existence of path-independent contour integrals depends
not only on the type of transformation, but also on the geometry of the
shell middle surface as well.

In general, material translations lead to conservation laws only for
developable surfaces (cylinders and cones). Circular cylindrical and coni-
cal shells allow material rotations if the state of loading and deformation
is rotationally symetrical. In addition, rotation of a closed ring of a
shell of revolution in circumferential direction is independent of the width
of the ring chosen in the meridional direction.

These transformations lead to conservation laws in a first-order shell
theory, if terms of the same order of magnitude are neglected, which were
omitted in the derivation of the first-order theory, i.e. if errors are
admitted as acceptable n the sne of Kolter.

* - At present a visitor at the Division of Applied Mechanics, Stanford
University.
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ISOVECTOR FIELDS AND SELF-SI4ILAR SOLUTIONS FOR POWER LAW CREEP

T.J. Belph

Department of Mechanical Engineering and Mechanics
Lehigh University

Bethiehen, PA 18015

Isovector methods represent a recent and promising mathematical tech-

nique for obtaining information concerning the behavior of solutions of

systems of linear and nonlinear partial differential equations. Appli-

cations of the technique include the generation of self-similar solutions,

conservation laws, and Backlund transfomattons, depending on the system

of equations under consideration. The major disadvantage of isovector

methods s the enormous amount of algebra involved in calculating tin

equations defining the isovector fields. This difficulty has now been

largely overcome with the development by Edelen of computer programs written

in a sjmolic manipulation language Whtch automatically carry out the

necessary calculations. j
Isovector techniques have recently been applied to the study of the

governing equations for a power-law creeping body with elastic strains,

considering both antiplane and plane strain deformation. The results

yield a one-parameter family of self-similar solutions wh4sch generalize

to some extent self-sioilar solutions recently obtained by Medl. In

addition, it is proved that these are the only extent set of self-similar

solutions. Conservation laws for power law creep with elastic strains

were found not to exist.
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Session TA-2: STRUCTURAL MECANICS/SOIL-STRUCTURE
INTERALCTIOR

Chairperson: S. NIMAT-NASSER, Northwestern University

Co-Chairperson: J. B. HEAGLER, University of Missouri-Rolla

2:00 - 2:15 C.T.T. HSU, New Jersey Institute of Technology;
C.S.S. SEA, The R. M. Parsons Company, Pasadena;
H. P. LEE, Ontario Hydro; and P. CHAN, New Jersey

Institute of Technology:
"Complete Momet-Curvature Relations for Structural
Concrete Beams"

2:15 - 2:30 C.T.T. HSU, New Jersey Institute of Technology:
"Analysis of Reinforced Concrete Members Under Combined
Biaxial Bending and Axial Tension"

2:30 - 2:45 K. M. ALl, Skidmore, Owings and Merrill, IL:
"Optimization of Concrete Structures Using Non-Linear
Programing"

2:45 - 3:00 C.L.D. HUANG, Kansas State University:
"Effects of Thickness of Cylinders on the Moisture and
Heat Transfer in Concrete Tubes"

3:00 - 3:15 C. VALENTE, Universita di Raw, Italy:
"Static and Dynamic Remarks for Hanging Roof with
Stiffening Bems in the Second Order Theory"

3:15 - 3:30 A. FARAH, Laurentian University:

"Response of Floors to Walking and Heel Impact"

3:30 - 4:00 RERESHMT BREAK

4:00 - 4:15 K. W. SCHULER, Sandia National Laboratories; S. E.
BENZLEY, Brigham Young University; and H. J. SUTHERLAND,
Sandia National Laboratories:
"A Study of Subsidence Over Longwall Panels Using
Numerical and Physical Modeling Techniques"

4:15 - 4:30 Z. A. ZIELINSKI, N. S. TROITSKY and N. S. PIMPUIKAR,
Concordia University, Canada:
"Bearing Pad Performance Under High Stress"

4:30 - 4:45 J. L. RILL, The University of Alabaa:
"Optimal Design of Pile Foundation Layouts"

4:45 - 5:00 1. HkHOUT, University of aterlooand A. MAgNOUD,
Cairo University, Egypt:
"Dynamic Sensitivity of Soil Structure Interaction"
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COMFLFTE M3NDTM-CURVATURE RMhIONS FOR STRUCTURAL CONCRETE BRANS

C. T. Thomas Hsu C. S. S. Sea H. P. Lee Paul Chan
Ass. Professor Senior Civil EnSr. Design EnSr. Assoc. Professor
Dept. of Civil & The I. M. Parsons Specialist-Civil Dept. of Civil &
Enviromental Eng. Company Ontario Hydro Enviromental Ens.
N. J. Institute of Pasadena, Calif. Toronto, Ontario N. J. Institute of
Technology 91124 Canada Technology
Newark, N. J. Newark, N. 1.
07102 07102

Present design practice for statically indeterminate reinforced
concrete structures is based on the inconsistent procedure of analysing
the structure elastically and proportioning the section inelastically.
As a consequence, the ultimate strength of the structure as a whole and,
hence the factor of safety against failure remains undefined. In countries
prone to earthquake, it is important that the structures behave in a ductile
manner when subjected to the action of severe seismic disturbances. Strength
and ductility of reinforced concrete structures are dependent upon the
complete behavior of the moent-curvature and, therefore, the moment-
rotation characteristics for the component members.

Two methods were used to evaluate a complete moment-curvature
behavior for a reinforced concrete section : 1) The first method is
based on control of applied concrete deformation and is able to obtainIthe ascending and descending branches of the moment-curvature curves. The
computer progran continues to evaluate the moment-curvature values
until the differences in the compressive and tensile forces in section
go beyond a suitable prescribed limit. In this case, the section is assumed
to have attained the ultimate load stage. 2) Anothwr method was developed
by modifying the extended Newton-Raphaon numerical analysis method; this
computer program has the ability to use any section geometry and material
properties. Again, the ascending and descending branches of the moment-
curvature curves can be obtained; but the curves are terminated when the
umaximm strains in the concrete or the steel bars exceed certain pre-
defined maximm strain values. In this case, the section is considered
to have failed. Both methodet have utilized the couplet* stress-strain

curves for the concrete and the reinforcing steel.

The above mment-curvature values were incorporated in special
purposed computer programs to analyse the behavior of simpl supported
and continuous beams for their complete response as the applied loads
were increased from zero until failure. The analysis results were
compared with the experimental values . and a reasopsbly good agreement
was obtained from the present investigation.
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ANALYSIS OF 3ZIUORCID CONCETE IER
UNDER COWDUEE BIAXIAL BENING AND AXIAL TENS ION

C.T.T. How
Department of Civil adEnviroental

Engnee-n
Now Jersey Inst. of Technology

Newark, NJ U.S.A. 07102

The research reported herein is to study the ultimate strength
behavior of reinforced concrete mmers subject to biaxial bending
mmeto combined with axial tesion. A numerical analysis and computer
i $x baed as a mdification of the extended Neto.-Eapbe method
was developed to study the thwe diamnasewl strength intaraction
diagram n failure surfaces for memers under comined biaxial
bending a" axial load. The analysis cn be usued for the determination
of strain ad curvature distributions In structural concrete elements.
The Computer alIysis doweloped baa the ability to use any section
geomtry and msterifal propertie. The resulting strength interaction
diagra and failure surfaces can account for both axial compression
and axial temeon camia"d with uniazial or biaxial bending soments.

bsed an the sboes nmrical muLysis and resulting failure
surfaces, tw dsigi formula* f,- reinforced concrete samere subject
to combined biaxWa beading ad am&.1 tension were proposed for square
or circular and rectagular sections respectively. Por square or
circar section., the design equation ise given by:

1.75 1.75

+ 1- 1.0 (1)

Par a rectnglar sectie., the equation can be eupresmd in the form:
1.5 K 1.5

0 ox oy
MiasreNXu -F a , a X ? - aNKo -K ascapacity at axial lad-P n

wbnXand -? are null, X - K capacity at axial load -P When
my noy fly u
N an -?are sli *x- eccentricity along x-axis, a - eccentricityusx a" 7Pasa,".e

along y-aais, -P - axial tension, -P 0- pare tensile capacity.

Squations (1) and (2) represent two non-.dimennional design formalas
which mre a further Improvmmst of tha load contour methods developed
by Jrmslar and Form, and can be found useful for the practical design
uses.



OPTIMIZATION OF CONCRETE
STRUCTURES USING NON-LINEAR PROGRAMMING

Mir M. Ali
Skidmore, Owings and Merrill

33 West Monroe Street
Chicago, Ilinois 60603

In recent years, optimization techniques have been used extensively by
researchers to solve structural analysis and design problems where cost, weight
of materials or energy absorbed in the structure, etc. is the governing objective
adopted for the design 11, 2, 31. Considerable work has been done for steel
structures where ttw material is homogeneous. For concrete structures, the
application of optimization technique has been relatively slower since reinforced
concrete is a composite material comprising concrete having brittle character-
istics and reinforcing steel possessing ductile propertie. Further, when service
and ultimate constraints are to be included in the optimization process, the
occurrence of inelastic phenomena at the various levels of material, sectional
and structural response adds considerable complexity, even when the structure
behaves primarily in flexure.

The present paper proposes a non-linear design method for concrete structures
that includes the strength, ductility, deflection and crack control criteria as the
active set of constraints to the optimum design. The design is performed within
a mathematical programming context by minimizing the total cost of materials.
The resulting non-linear programming (NLP) problem is solved using a computer
program that specifies the Sequential Unconstrained Minimization Technique
(SUMT) algorithm and uses a Feasible Conjugate Direction (FCD) technique to
solve sub-problems having explicit linear constraints. For the NLP problem, an
investigation into the existence and uniqueness of solution is carried out. For
the frame example presented, it is concluded that a solution exists to the NLP
problem and the solution is non-unique, i.e., only a local optimum is at best
guaranteed, [4).

1. Moses, Fred, "Optimum Structural Design Using Linear Programming,"
Journal of the Structural Division, ASCE, Vol. 90, December, 1964.

2. Brown, D.M., and Ang, A. H. - S., "Structural Optimization by Nonlinear
Programming", Journal of the Structural Division, ASCE, Vol. 92, Decem-
ber, 1966.

3. Tabak, E.I., and Wright, P.M., "Optimality Criteria Method for Building
Frames", Journal of the Structural Division, ASCE, Vol. 107, July, 1981.

4. All, M. M., "Optimal Limit-State Design of Reinforced Concrete Frame-
works", Ph.D. Thesis, University of Waterloo, Waterloo, Ontario, Canada.
January, 1977.
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EFFECTS OF THICKNESS OF CYLINDERS ON THE MOISTURE
AND HEAT TRANSFER IN CONCRETE TUBES

C.L.D. Huang
Dept. of Mechanical Engg.
Kansas State University

Manhattan, Kansas 66506

ABSTRACT

In recent years, there has been considerable interest in the physics
of moisture movement in porous media under the influence of a themal gra-
dient and the size effects. The knowledge of interactions of heat and
mass transfer in porous media is of great importance in areas such as
those of heat and misture tdnsfer in building materials, themal-insula-
tion materials, and in concretes used for construction of nuclear reactors.

Attempts to apply the diffusion theory to the drying of concrete have
not been successful, because the effect of a thermal gradient on the move-
ment of moisture in concrete is excluded in using a diffusion theory. In
the present study, the new mechanistic theory [1], developed by the writer
in using the principles of irreversible flows of heat and mass, the linear
phenomenological relations, and the laws of conservation in continua, is
applied to study the effects of the thickness of concrete cylinder upon
the moisture migration and heat transfer in the concrete cylinder. The
set of basic equations for heat and mass transport in the concrete
cylinder comprises three nonlinear partial differential equations and an
empirical formula for sorption equilibrium curve which characterizes the
topological properties of the porous concretes. The unsteady temperature,
pressure, aid misture distributions in a concrete cylinder of various
thickness are obtained by an implicit finite difference method. The
effects of thickness of concrete cylinder upon the migration of moisture
and heat transfer from the heated zone toward the unheated zone and the
interactions of mass and heat transfer are discussed.

References:

[1] Huang, C.L.D., Multi-Phase Moisture Transfer in Porous Media Subjected
to Temperature Gradient, Intl. J. Heat and Mass Transfer, 22, pp. 1295-
1307, 1979.
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Static and Dynamic Remarks for Houing lof With Stiffening
Do to the Seond Order Theory

Gionfrsc Vale"
Istituto di Salomon deI. ostrusioni,

raeltsa 1lagessetta
uiwersitA dl an, Italia

The rof structut. o the new hangar by the ifter-
national Wiuicia. aitt in- edlnd yRwaii
taken Into account. It conists Of 19 rebtresoed concrets
cable-like madwroo:diteety supportiAf th oof plates and
bawving catuanty laaitudtiel sh"s. Us cable-Ulm emers
(4K15 cm) aremsaed 4.45 s, seek ame U pqmstrsseeeby,
sme of 3 hia tensile steel, taoesesinti 0 -1/2"
strands: moreover, owing to the different values of the
forces to which they, ate mlbjatte, loith tii onis-ation
and the numer Of orprmr.sig nlr 401@6 4 dferent finsm
ton"e to tiftb. All tramevete am dv.e'ra be0tMknta1. With

sanm 82.60m, md develop theootis "oil the.egt Of 5.7m.
joiss between sables and, ties; thy wa-aheo-.of $uetvseeed
concrete of variable cross secosoom everss heums eve

bnngfrom the roof . They are ttwas steel- hesm of
triangular section wit two uper and one lower chord; sach
houe are Intended to distribute elong the roof the heavy

concntrtedloads Of the bridge crane.. The stablity of
the roof against the wind suction is Ame to the ded weight
0.1y, which is considerable, becaoes the plates of the actual
roof are alse o deof concrete. twooer are given som
values of the deeign Loads:# totil dead load 230 4/uq,
overload 120 hgjm, wwn load 190 kglmq, mowing 1Is4 at
bridge cramoe 10 tons. Tam larso defombLlsty of st
struetur mimee mseseady en investigation *fth g0ssed order

ahe n the static and dy0a behaviour in a9de to
saue m Isk araisiag" from temseenc ph .mn UAW"

1. 1. so v 40oe &aitalia por IL a"i 747 2
del aomose us M pp@.4510

2. a. M "1$, 4.4 to" tfirrata, to eLter. of the am

Wd4SSeagetof t.A.B.S.&.. Awteef (imp IM7~,
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A Study of Subsidence Over LougAr 1 Panels Using
Numerical and Physical Modeling Techniques*

by

K. W. Schuler
Sandia Natitonal Laboratories

Albuquerque, N

S. E. Senuley
Biitke 11e680 University

prvvo, Utah

14, 4. sutheriand-
Soodia 10tiosal taborsartirs

AVIlTRACT
The strata oweet ad. resitg, surf ace subsidence in

a tranavearse soch ton scress. tbe cfsttr Of A legol 61 0anl1
Is modeled- by a tw1teeioa paoe $train ftfmtv *46"t
&W isitr and bry a soole, model built up of vfttk slabst. The

MW Is)soft by plat ft on, a I ", wmitr~fug*. The
finite eteen enlyt tysa e tie~laetic ibetia
model which Iscerests tkoe usool sheer St0wthi
A,-ndeuce en pressure and a uuigm~e plastic Vol ume Change

heaivier which accounts for rubblization of the strata
overlying the extracted toal. As as *loeet of the
overlyfag strata fails, It distends sad falls, oitheor to

agremet awit if 644 by rofil as' elements with#
"'e ,ibef 44. 14f"finte ea= 46 tl6t i the alelw-o

cota 140 the Gi ten en " havewhs"" good

sevors tn overlying layers.
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OPTIJIL MEIGN OF PILE FOUWTIOU LAYOUTS
JMM L. Ri11, Professor

Deprteatof Kuuieriag KecaMnIcs
Usieiauty of Alabomma

Tuscaloosa, Alebama

A great 2M inmolUtbi Concrete stxattoeee desgned reqblre Wie
foundatins. A typical, structue owS reuire s, a p13*5. TMe
selection OW plea"Ot 6f the Wase Is ie. fo"itift most, be suchb that
limitatIons o "Is~ tonces: si sttaptazal disafts e r not ftee
for a large nmber of, loa css of tdo nietets stroetare.

The MAn~YeO Mothods of p13* favlo fe okis ff II ed
Soda (2] h94v best Imcouieoau4 loo a deta W- #e0. Tii. objective

*SfF th ee% oppmn s tOf. ple ststAf~%eLsta-
tinesm for all ii:M cus 06Ot m -ofpa "n .t1 3 The

pil laoutI. oe~s a Cupoeo .. fa nmber lbs us.ame
selects the spdiag, hatter sleas and" laYout of piie'L " the snsof
the foundatioss. The f irst stop In the optimal design Is to select the
hatter slape is each some so that the bw#Ifg of tim pile to aminmized.
The spacings are s*pdaed by, fe3*opngmmag 1 pdpie drs2Rig
the foundattax Nt4 a ita "Isp*3 a~s~i h de-

Acs~uto proirm, FLOtoob bes deelp e *ausd S this

Work to prodsce pile fousedetis aase of eltcI1fuats
11th, a lock-pta aem *.i m s sma , a av "Stim
in all few of tuo -iss, ,b ow) 1~.W~v"I*t ehe* telan
fever PILe hbusm5 the ds~ A-00 tese tutbmmf a
macintel, SA obtafifgt. USR Mow vipvatior. uu esa.
The loaedsnle OW tRoo, tmhIt c t~ VIS & plso" eW am

swerns. of U towa pl 60:i. ateaiM dt ist do- ftf*W.
Thiswe~kwa I b, the o Am OW "Meee Tw loaer

$ad. Ve-50#f Ift Ym Opes Kvet. m Mi' lM ~
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0LMA DUUMN - Mf AWNI

Thembirajab Uslendra, Oen eMs Tt end Using-Lip Lee

Deprtent Of Civil vaginerng
National university of Singaxpore

Singapore OSII, &epublic of Singapore

A tersieafly coupled shear building onms linear elastic foundation
Is considered. The Interaction forces at the soil-structure Interface
corresponding to translational. rotbing and torsional Modes of vibratloa
are represeted by frequeny ia~ieadmit e"presion gives by fichart,
at. al. (1). IMe madam seismic r4%6nm of the system Is obtained by
the response spectrm techiius ideic require. the approxmaste amrsl
modg. and th" associated dompgg ratinof 1w eInteraction, system. A
set of sppremunae nasmal adse ubich disusslise the bertia an" stiff-
ness metrices is toind. Dmaver. AS the trensfeand am""g matrix ito
still Roadlermpl. -n epivelet dSew"I slmtrix Is esutfactsi. As
accurste estimate. of tio dming ratins is obtesed %y MUM"is the
approximate nal a malutem t with top igm 6OLUtM. at the
natural frequsces of the Interaction systemn. A aet .ti iterative
procedure is presented to achieve the astclt of the respones by
solving a met o iad - , esa sasr-Usut3pba al etutem With the
daupifg ratioe of siwmific..t mesuel mOws, the mdmm. the degree
of freedom, that is obess as the beeis for the matching Abould, he usual-
tive to dmpfts as othetwise tha dweIn ratio obtained ,ill he Inw.
accurate. In viss of this, thu dgrs of freeom of the top fleer are

choe, ashy are the anut sensitive to duming. There wre thrda degrees
of breedom per floor. namely trmlaution of the center of mass In two
ortheomal borlsoatal. ese, vi. z- sod y- directis.e and rotation of
the floor about a vertical aft. The particular degree of freedom that
should he selected as the hees for tho matching at a perticular frequency
may he setablied by an eamidnatin of the appronmmte normal esps-
vector corresponding to that frequency. 210 61genvctor will have dis-
placement ooens in the x- sod 7- directions and rotation components
about a war tal axs. owe of theae compente wil be dominant and
the degee of freedom at the tsp floor cerrendifg to this dominant
component is selected for watching. furthermore. sAm the dominant
compoenut corresponds to displacenmet in m- or. y-directimt. the assumed
g , i a mtlea, sheuld he is the diretion of tdominant component - If
the dosat m mgm corresponds so rotation bst a vertical sa
thu direction. of the sed notion d he thaot a $rster tese-
eel mo" is creted. ftee th0 eg0 of toee cae b ftmf matching
tde response varies. from frequ esPy to breqsacy and the drectims; of
the assuse Srg matien Is dictated by sh ebche of the perticuler

r '1. Sicest . L, Nat, J.& e nd Wo" Rb
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SOLU'rIOU FOR DISPL&CDIT IN SOIL WCURCS

Shansher Prokesh
Professor In Civil Engiweerift

University of Roorkes, Roorkee, UP, INDIA

All sell~s undergo deformations when stressed. The stress
deformation characteristics of soils are non-l1near. This aSMS
comutation of displacemawts of structures supported on soils difficult.

The factoft on which displacemnts of such structures depend are:

1. MaUture of the soll, end Its engineering properties
2. Stressetralm characteristics
3. Geometry of the problem
4. Stress-distribution In soils
The structure in which displacements need to be compted ane:

1. Footing foundation
2. Pile foundation
3. Ragth dw
4. Laterally laded pglee
S. ttaining structures

A sechequ far aomputao.of settlalmte of fooif fo dtioOs
has beeass eft i by Prdmsl, Saran send Saws. (1977). is bused on

ice d(1) 11teat ioness-t~ Owheratls tim tfs.Sal

tess ad(2 mrse omuttin fmslste h-r1 s Ote
ditiuinbl otsigS en a lywsapse ahta
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Session TA-3: STABILITY OF VMICIL SISThIS

Organizer and Chairperon: W. 1. AM6, Georgia Institute
of Tachnology

CO-Chairpersont T. 0. TRUCAMI, Sandia, National Laboratory

* 2:06 - 2:30 It. F. INFANTS, National Science Foundation and brown
University:
"Llapunov ftuct ions of Some Dynanical System"

* 2:30 - 3:00 3. CUM3, Georgia Institute of Technology:
"The Electric Ballast Resistor"

* 3:00 - 3030 N. A. LEVUWIowlaa State University:
"An Analysis of Surfactant Induced Surface Notion on
the Interface of a Forwing Droplet*

3:30 - 4:00 RBPBBNT BU1M

* 4:00 - 4:30 W. F. A165. Georgia Institute of Technology:
"On Wae Pro"nation in Viscoalastic ad Viscaplamtic
11huerials"

4:30 - 4:45 K. 700UWSI, Panseleer Polytechnic Institute:
"fStability of Intagral-DSifferentlal System Arising

from Nuclear teactor Dynnics"
4:45 - 5:00 RL WBTAXI*, The Feasaylvauia State Uniersity:

f"uslinar Diffusion, INmwoeicity of Soxutiona, and
the iffact of Coevazty of the kmmin"

5:00 - 5:15 M. IIAMLLA and A. INALI, Vaiversita dl Dari, Italy:
"Son-Linear StabiLity of the Circular Couaitte Plows In
Asotropic X.R.D."

21jf
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Llapinv 1bottions of Danical Syst

IL T. Infants
EIsIion of- Nobathm al an COMPOW Sciees

Beti=& science Fonato
Wo~epm, 06C. 20550

Divisiom of Ap1±of Jheba~ice
km Iwimmty

ftovtdme, R.I. 0530

Liaposow fuctions. ar*e triney useful tools for the
dateumeeato atability, cotivo far owdioery, functional
an Partial diffheMOCIAL eqmeiein. he tkW7 linea or net. COQ-'

---- vereely, theorem are- known tha twours. the walactem of mach
functions If the dynamical system under consideration have certain
stability puorties. liefortouteLy. the asetructlow of sweb
function s not a .trailtorwor toak.

*A arnie. ot exaplo couoed on oridar, fouctlwel.,
d~~~eqe" 8=udilrata Prsmeseted to Ilusetrate

* th e oLaeM, favitla.. In appotottC stability armma.:
adto ... gent an I oteomsutm thaw fuins.

Atlanta, GA 30M3

The electric ballast resiser consists essentially of a
piece of vime - e I c the 6 111-- Pawee - electric current.
It is ressme. to mp... thee within then wire the electrical
resistivity depMWD is & noolienmr %Vy ML the Joeal toyerature.
ftim thee elvenows m am awk, uha Is the Iwo toe or
aspapticl behauior of the terator dletrhbtost within the

viIn ebi lectue a& shell somer that qesetion Is two
distinct ema dho first, is v~ch em ema thot the corrmet

toin - the wire It cc omte teth or Istemityl and

istlty awk bifueatiem. ane, with yp I to thesfe bowse
we ehanl me a camebK4 deimatto b mla as two O at heed.

*, 44-
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AN ANALYSIS OF SUEPACTINT INDUCRD SURPACS NOTION
ON THE INTEUPACE 0F A FPOVXIN DROPLET

Howard A. Lavine -

Department of Mathematics
Iowa State University

hAes, Iowa 50010

Burkhart and Poonawalla have observed regular surface flow
patterns on the Interface of forming droplets when the droplet phase

* is lImIscible in the adjacent phase. In this talk we shall discuss
their experimental results and Indicate how one could have expected
such results by analyzing (qualitatively) the equations of mes
transport in the surface and the surface stress balance equations.
The analysis, while relatively elementary, yields surprisingly good

agreement with experiment.

ON WVE PROAGATION IN VISCOMSAMTC

AND
VISODFIASTIC NATEIZILS

Willim . An"s
School of Utmttcs

Georgia Institute of Techimsogs
Atlanta, Georgia 30332

One diimeal problems of the title are describable
by the system equations pv - a - 0,e '-v a 0, - f (e~g. C
- 0, with appropriate idenificition 0ftb faw4l7. Groupt
analysis is 409oyed to haracterite all those functions which
are left invarat under the dilatation and spiral groups. Thre
meet solutions are constructed and the paper closes with on
algoritbm for solving the general invariant problem.

-199-



SVAMu OF MEWSO STS1I .MM

vawtmint of *etesr bins4
1@05*elafo lytciic !,Stit

I% subject of tm Pper coscoas stality, m t ft. a em of
Intersl-fffrawmtal Systems with Wlfiwts tim leg. Ie stld applie
in the eaaysis coatitaw Is etmim, of 0 lad inftd of Liapuov,
and 'S based ORn & ceep CO IOf Stabili'1. IMelY, Om dfilitim for
Stab iity have ber iseced, .- Am.a 1-yno only to s l "V.itodgof
initial trajectories 64 to 11tt of 11holt d sv n as as oe
qeesti' thw befir Sablity them a fawlbai ftr * class of system

*ed oad contiua flacte bvM" boonded ad piecso monies

$sitom has be"n iametiptad

9("X) :Jf~-) (X(t) - x(I)de
wer a fIr(xjt) is a Casael tium-imimt tvactiows. N~w criteria -

for asmttic stability of *Ae selbies £(t)q' of the at" equationhav bown ostabituso. Ilves. critu,4 can be effetv el' Isdt v-
a"e allwable dmwlas Of initial perlehtioms, :Zsuri; uwevm tothe Stu*~ $taws for tepsm wjcoi

TO illoatroum preCcial Vmttme of the pIsnoe!ed mood , salected1
*OXOl?4s Due bee oouSMOM, 4@01ft 00 som opcifit I~W for thle
factimu w
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maD"R Du1S51, UUmfCTl'Y
OF S rem!S, AN M W 3W OF 00Y1 ltM

W m MZ

Rouben Roetiam
Department of Nathematics

Pensylvanu State VAMvereity
University pack, PA 16809

The equation au/at - div(JVujnjVu), a > 1, describes diffusion

In a medlum where the diffusivity depends on the gradient of the

cocentratlon, me Serrin (4, 1631 foe a discussion In connection

with beat conduction. The spreading of biological poplamtIons can

also be. related to this type of equation, ase Gurtle and NeCamy [31

for a cloe veri"t. o have etiad i (1,21 the large-tIm behavior

of solutions of titis equatiom under varioss conditiona. In particular

for the 3mummn boundary vale problem, with al data on the boundary

of a bounded region 2 ia 0, e obtain the following results. Let

B-I1'p demote the mot In 31(2), 1 - p I +, and let Uo(z) - ucxO),

md a - the average of iW In 9. Thel as t -- the solution

u(Xt) converges to a and the gradient Vu(zt) approaches seto, -

Msfonly in 9. me.veg, the de"y of Is(-,t) - np is dow
in time for aUl p, while IV(,t0 to mmota in general dommins

p
onlyw p a +. In fact byajd Lou choice of a weo a

have IN D , and Vu(.,t)l arbitrarily Ufae at .m til. t - t.

(Note however thet Vu eventuly Sos to sero anymy).

In contrast, we also show that if R Ise cow 'them "U(. ,t01

p
1.. N.D. *Ali e mod at. metamoi" owera b~'. mstimtes am sa.able,

snolutions for homogeneos equations iamachsapace, J. DIff %ae.
to appear.

2. 3.3. Alibebse mad It. beazW, Oradft etjlhtea -rat d**~eat*
diffusion etuatimne, I, ath. An"mo to swear.

3. 1.1. urtl mod I.C. XNomy, On the diffusion of bielogical
populatio, math. Sloed. 11(1977), 35-59.

4. J1. Sertin, Mathmtical Principles of Clasics, lndu" oeis
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02118 proeeal2 lbm Msmkoe 99 a ls-wmiecloud
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ABSTRACT

THE PRACTICAL THERMODYNAMICS OF A

FAST-EXPANSION CLOUD CHAMBER

J. L. Schmitt

Department of Physics and
Graduate Center for Cloud Physics Research

University of Missouri-Rolla
Rolla, II) 65401

This paper describes the achievemwat of an adiabatic

expansion with a precision Wilson cloud chamber. The fol-

lowing topics will be discussed* the-expaion of the

cloud chamber, the measurement of the thermodynamic condi-.

tions is the chmer, the practical design and control of1*the device. ad Its kwpicktion to the formation of droplets

in the study of homogeneous nucleation.
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A COOLRD WALL ERXPMSSI0- CIO*b ciwsa
10M P3UICIU 510 ADMATIC ESPANSIOUSS

Jams L. Kasener, J1w. andmi at C mhitef

Graduate Center' for Clmad reyies Research
tkvrsI w se w=8ttu

ftla*, me SIM,

*also Dep~tet of Etawuecv Oficmmics

The Graduate Ceosta for C" ats, Amevck at the Uniwsr-
sity of fWsgowi-3l1a to. ia t~ of sometwtin tw, cooled

pboicproesesasecie with czent f~auiin od dewelupmst.
Thechm#.sk4U" a dub" ,me" muto hawbitk do t010-

perature, at Ohw thck outer bem vim* is ustmtembd by circeSt~lo
of a thewmsattc uid,.7 1 , 0 Sam" modabo lcvt
betwees the. outer been si& ad, she ih ser wells -r ueed to
Malataist - h lam Mll varesm w ft fthe am.a 6" the
saMp1& withif dw chabr.

Tbe atral ank duaiqstotion compser con ~in&e te go*

ther. *7 Ipeds y mi-ato th0 ge ame Well tcmprntures
at the -mm Icm the meflu Pas fim lum , I d waftseepe
eaced by CaM 0000Is 1eet eupume. Gombers io e*9au".

but the small (1.2 a) chather Can athieve rae el JS1C/mia while
the le'r (2.14 a) duhbcr ca achieve IS*/Nt. WatKSOm ospu8-
siow raoes encee&dooc rates required- for either vat or dry
adiabatic cupuMAoS at the amtsm ceelia rates.

Four $41roe optical System are available for remote seasiag
fer the CIO" droplets as they form sad grew. noe Sstemsare
Ind"UpsM" a" each has its atm Street pet... and limattions.

Ther .ssoo is backe& up by a ewteselte sys few Prodcing
ad charcterizinag uuaoels for we Is the 9u*aion cheabw.

The smell cheebsi is, schoed to be o-ralow" by t"hend
of IfM and. SIM l*w. cbmaev A---lw~ Is rm1M

the Aft e uuw lfce tlomtt 865eMIRul
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TberusdYmMie Cycle Of reciprocAting interna combust ion .egine
with compressed air energy storage

ft. *RIUS. Professor
cOol* Nationals Supiwiaure d'1agdnieurs d ~4* fiqte ot d'argitiquat

Unkiversitido Vsalenciennes, La Wont Rouy, 59326 V*LI.3C31U CM FRANICS

In 1660 1.30T /1,2/ invented the Wee ogims wth alectuleal ignition.
Two year& later, NOW to 30CUB /2,3/ oe am ohe principle of the four
stroke cycle vith preliminary campgoeeien miMuset ubieb wee carried in-
to affect in 1863 by OITO;then in 1893 DUKS. /2.4/ conceived the engine
with thermodynamic ignition of the mixture.'seae of its poor qualitim;
1.5011's cycle is today ignored to the adanhage of the two other cycles
and the uixad cycle /2/ which is smee to to "ea cycle of reciproca-
tin*~ internal combustion engines. Ve hboe aained the energetic data
of 1.501's two stroke cycle by lotting the p. /5/ eeneldsoed as per-
foot gee ino*o the cylinder after leothemic oaqpesion end t *i
a rcevofr followed ty & rbooting fres tMhe st ase. W )~.

M 31 to 2 t coWgreted gas ibeeb (VMeS=*re2 Pj~ravia.17
74adwor *%boost pa ; 2 to 3' # heet ~aie t asme voluo-

3' to 3 1 heat &416 at conseant preeefte, 2t V pramr bol" the .ini-
-m allowed by the iftno -, 3 to 4 1 teaveii and attabatit epansion
of a-Iseft 4'to5 : opening of Sub ee ve1 5t 6 tot-
clo boa-or . ,
The efficinc of ajgeb.& Mpele (u)J is theratio hetunon on the ae
badl the wakg on heplus.. Sy ) and 44 the o0heC, the. a of the heat
which is uoeomeary to the gas SUqReao .3

tIve to the agI ne-rie ratio a between the uembem volum of the .yI~m-
der ad the combstion volum (V /Y ) are better thon tbe ink mel effi-
ciency of the NOD de SOCAS, ;mead aid' cces epeetiver en-
ves 3, *,a) relative to the volumetric comression ratio, Iodentified in
this insance, wift the gomottAs ratio a. no TeLoesheehie eeqvaea5A
of air is the rasanvoir is emacuted durling the 1e olomeaUsit amp~
ties hears by a compresor conmected toas olectric une. at pea
*etaiciW eosuti hbows, the perfeesene coat!iciot (V) of
LAYOU's engine represents the ratio between te onk thwItlu fro" tie
expemiom See pcesees is the cyLia (%) ad the - -y vpivi~
is the feem of fuel.
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Taylor Clm Coene In a Rapidly Rotating Right Circular Cylinder
W.I. Scott

Department of zagineering Science
The Ioiersity of Tennesee
Knoville. Tuesenao, 37916

A taut, fioes teel wire, coincident with the lama axia of a
cloht circular cylinde, passes througb the center of a foes Imbed-
ded plastic disk as shamn. If the Container Is filled with a am
centisteire silicon oil, the diesk
(released from rest at the tenter
of the cylindrisel container by ct-
tifg a uplon threed attedhed to the
disk) rises along the steel wive
to the top of the osatalast in about
five s1conds. *if dhe container to .l- $1ilco
Used to rOtt about its long OXIM oil

the rise tim Of the disk increases Steel
to about *ilot "Gawkifs. nf ow, the Mite
fit of the cylluder ts chunged in- 1 Ds

- -- fiaitesimbUy to a**e it a resonn
0100 (I.e. , to lsbjit to support NwYlon
inertial. waese) the rise time In- Thread
ceeses to ebeut fitse secends.,

Iheawlyeifar heflm doe
to the disk, theg ftlatu rather
closly ftsea-ensa "dwmsed (ie.,
Infinite) flud salyais, is amr dif-
flaeein fw doe bvel coylon
lead to duel ffvwuieeUsssl equations tbm the well studied
auel Istals1 evtnesa Oeeaspe efsseted. With sem effornt,a
solution is obtained, suf do aftlyeses otheut the exited Is&-
tia wav~es prpw"ded of tdo rising disk. gaestin a Taylor
oelum io about swe revolutimn. Newos, the Oaceareg slower ml-
cent of tdis 4iA due" to ito hewing to push against this colm,
the "riity" of etlab Uedes th Notion of the disk.

IScott, V. ind'd. 99"ios, Journal of Fld Neobsaics, -G. p. 751,
1,73

2 Otresese, 3[. lbs rMuoy of. I otinfUIMs Curidgg U&LVer-
eity Fress, p. 192, 1It"

I ftrae, C. Deasel Fauetiea with Same Pysical Applicatios,
Nals vle"Ity ftess, p. 97, 1966
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FLOW AM DOMI cNURMTIICS OF TM ETD)CYCLU

?hi11p L. saw"s i Gary a. Ca1.m
kpuvtomt ef ZAM3muha Awkwaiee n Mateials

bouthern Ililmois University ats Crbudle. Carbon*"* IL 62901

The hydrocycLorn is. -&devce that atillim fte contripetal an can-
trifugal forames macm -with circular musfin to *epota a desIred
notarial. ak Aw .ea1 free sve dine adodrai NsrtAoi" thich
Ate all stood in watr a. a vriLw liquid. lb. ueaiew "cpua"
Or *4Wmif *"*p VO& .1 eseatof by t*Ntk1 IqVJet 41f the
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li#swr particies 4ps out the mm own thile nose w was., thm
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tameNVAsO Ilrt TEtfift 40d the U.S. SOPrt Of SOM 14 the
diSCOVOTy Of bus wingdM dusip mi 0100' VWishla AMACe te .wMa-
tion of the bydoycn. 1hese Amu or* mod se detmade aptw de-
ae criteria for the eparation of neal flow ton n" doe ea"
Particles see as clay, thab" wteitc mesar. -ad madsem.

--- rama ydespal base *aerIn wesahd idh 4UmtW the
Of facimay at o" ew to to dmiud 401I Awidp pwo eme
as the lenth sa &&=sa of the hid acyqdi ee, *he wasw male* the
dimater of doe Andatfla the new Tate, thes Moecfi gravity of this
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On Stokes' and Oscen's squations

L. 3. Johns. Jr.
Department of Chemical Ugisering

University of Florida
Gainesville, nL 32611

mad

X. B. Reed, Jr.
Department of Chemical Ingineering

University of Hissouri-solla,
Rolla, MD 65401

The levier-Stokes equation is invariant under trans-
formation of Inertial franes but otherwise has the usual
corrections from the Coriolis tbeorem. Linearizations of
the Navier-Stokes equation In an Inertial f rams and in a
rigid frame In relative motion lead to corresponding

equations, s the former the Stokes equation results, in
the latter the Stokes equation with Coriolis corrections.
Conversely, If the Stokes equation is transformed from an.
Inertial froma to a rigid one In relative ation,
generalized Oseen equation results.



QUASI-VARIATIONAL PRINCIPLES FOR
VISCOUS INOMPRESSIBLE FLUIDS *

Bastin Sarig~l and K. Ceng*.z Egkmeci
University of Ari2oaa and Istanbul Ttchnical University

This paper presnts certain quami-variatieeel principles
which are desirable in obtainin approximate solutions to the
initial-and boaundary-value problasa of Incomressible fluids.
To begin with, the principle of virtual power in stated and
then it is used to deduce a one-field variational principle of
viscous fluids. The principle generates the Euar equations of
mtion and the associated natural traction boundary conditions,
and It contains the rest of the fumental equations " con-
straints. These constraints coditions are relaxe by means of
the dislocation potentials and Lagrange mltipliers, and hence
the unconatrained quesi-variational principles are forulated
in a systmtic iner for inviscid and viscous incompressible
fluids. The first unconstrained variational principle is shown
to generate, am the appropriate Shier equations. all the funds-
mentel equations of visas lncompreseible fluids, that is,
the equation of continuity, the equatIsms of motion, the kine-
antic aod comstitative relatIes", the natural traction and
velocity bondary conitions, and the natural initial conditions.
Farther, special caseis of the unconstrained quasi-variational
principle ame stadled and the qusid-ariatioual principle

fluids are &Ivan. Lastly. a bried discussion of the variational
principles, their compaisons with certain earlier variational
and qeas-warlationsl. principles, and a need of future research
for the subject are prosaante.

1. imn , V., Cambridge Dub. Ma5th. J. 4 90-94 (1849).
2. talliban, Ca3., Phil. Nag., 7, 641-62 i 2 )
3. nlayso, B.A., The flatbod of Weighted Residuals and

Variational Principles, Acadmoic. Press, Now York (1972).
4. Odem, J.T. mod Ruddy, J.U. * Variational Mobods in

Theretical Hwchmics, Upringer-Varla Berlin (1976).
3.Tirstes, 11.V. 3. Usthamatical Has., 1 , 1445-31 (1966).

6. Courant, 1. and Uilbert, D., Wstbods of lathemtical. Physics,
Vol. 1, Iaterecime, Boo York (1965).

7. Curtis, K.R., Arch- Rational Maochs. Anal., 16, 34-50 (1964).
$. aehanci, 1I.C., 3. Ihip Research, 23, 115-22't1979).
9. Demis N.C., Int. J1. mom. 80, 18, 431-46 (19M).

10. Umief, G.A., Acta Macheica. A. 1-70 (1979).
U1. Isrigal, ff. ad bhmaci, N.C., J. Leoust. Soc. Amarc., GO,

address: a Dinheci, Istanbul Teklk Umiversitsesi P.C. 9, Istabul, I
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STUDY OF A FLUID SATURATED POROUS DAMPER

Mohamed Damou
Laboratory of Structural Mechanics

Enita PO Box 17
BordJ El Bahri Algiers

Algeria

This york presents a theoretical and experimental study of a
fluid saturated porous damper. The squeleton of the damper is elastic,
the liquid filling the pores is viscous and the system stiffness is
pneumatic. The damping ratio depends mainly on the fluid viscosity
and the medium porosity. The use of such a damper is to reduce the
absolute transmissibility over the whole frequency range. Depending
upon the operating conditions of the system, one can choose the
appropriate parameters to obtain the desired values of transmissibility.

In this paper vibration isolation provided by such a damper is
presented. The analysis has been limited to the case of an unidirect-
ionally loaded damper. The fluid and the squeleton of the damper are
assumed to have the same constant temperature. A simplified approach
is presented using operational calculus for deriving the problem
solution. Analytical results are compared with experimental data.

The Drop Shaped Tank 1
Dr. A. B. Sofoluve
University of Lagos
Mathematics Department

Akoka-Lagos
Nigeria

The drop shaped tank is a shell of constant strength
used on land for storing drinking water or liquified
petroleum gas (LPG). In offshore oil exploration, it is
sometimes necessary to store crude oil in containers due
to bad weather that may prevent the transportation of
the sama by tankers onshore for refining. In this paper,
the possible use of the drop shaped tank for storage in
an underwater environment will be discussed. Some results
obtained to date will be presented. Future developments
will also be discussed.
1. 1. Doyle., A. B. Sofoluwe, M. M. Baig, A. J. Currie

"Behaviour of Underwater Enclosures of Optimum
Desiga", STRAIN, 16, 12-20 (1980).

2. A. B. Sofoluve, 1. Royles, 0. Ibidapo-Obe
"An IMprov04 Numerical Approach to the Analysis
of the Ichinodos", Mech. Re. Comm., 8(4), 237-
243 (1981).
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GRAVITY WAVES DUE TO A PERIODlIC SURFACE PRESSURE
ON A SLOPING MEACU

Kripasindbu Muaudhuri
Department of Mathematics

Jadewpur IbiwLvrsity
Calcutta - 700032

Lal
in this paper. the linearised two-dimesional problem of water

waves due to a surface pressure of the form fW aw e (but) 2(t).
H~t -Reaisda ni Fucton.ha bae exliitly solved for a

generalized Fourier tranformatin. & metod of finding, the complete
asymptotic expason of the surface displacement over different
possible ranges of large time and distances is tIllutrated fow- q - 2.
For a certain class of pressure distributinsa. the gradual attainment
of a steady state is shamn to take place throughout the fluid. The
average rate of transmissaion of energ by the pressure system is
calculated In the steady state and, it is shown, that no enerw is
transmitted through the fluid In the steady state at certals
frequnies. Mei baommema of sueo energy radatiew her also been
noted by Stemmi±, (I1), Norris (1914 a& Stoker (1966).

References:

Stoker, J.J. (1966) Water Waves, Inserusiene New York.
Sreteaskii. L.N. (1963) F=M. mit. Iomb. 2?,, 1MM
Norris, C.A.N. (1974) Pros.. Cabi Phil. sm. 76'. 54Lw



MOBILITIES, RILAZAILITIES AND NONLINEAR HOWeLS
OF ATNOSPHERIC VMAMCS

Peter Evoye 0. Hbaeyi
Div. of Theoretical Chemistry
University of Tuehingen

D-7400 Tusbingen 1, W. Gerany

This paper develops nonlinear models of atmospheric dynamics as an
application of nonlinear field theory (see Nbaeyi 'Nonlinear Yield
Theory of Meaurable Energy-Matter Aggregations* expected to appear
In 1962).

The first step is to transform the four dimensional. space-time of
atoospheric dynamics Into a three dimensional space-time. this
transform has the following advantage& it facilitates the direct incor-
poration of land/ssa - air =wees' interactions into the consideration
of atmospheric dynamics, or alternately of the (outer) space - air
ma12ses8 Interactions (e.g. high energy particle bombardments of the
atmospheres). The Last case will be defined by an Inverse question.
The next step Is to Introduce a hierarchy of density functionals
representing a quantisation of atmospheric variables and parmters,
which leads eventually to "ysto of coupled nonlinear equations. Of
particular Interest In this second stop are the agreation patterns

and the nonlinear bourndary (layer) processes which define the associated

gradient'balances and their effects on atmospheric layerings. tn
snigspatial inputs) which affect the atmospheres.

Teconcepts of mobilities and ralaxabilities (arising out of the
development of nonlinear field theory and defined as funactions, ofIesrsof fliiyof aggregation.') are briefly introduced, and used

tdeiethe basic equations of atmospheric dynamics subject to
Inenlgradient balances. These are then extended to other transient

caeIncluding miodels for atmospheric turbulence etc. B rief
(stability) analysis of each class of models Is Included.
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LEAST SQUARE TIUIN11, 611160 FOR SUUVYING

*y~fiR i. ALI
Departent of Statistical & Actuarial Sciences

U~niversity of.lMestern Ontario, Laenden, Ontario, Canada

Suppose that the abject Of a survey Is the -ditermimatlon- of the co-
ordinates 4x, y) of a- fixed point Q whi-ch is eifher Inaccessible or auutable
for placing inatruinu. If Q is abermd ftne 4o Waets A ad S. aid the

csr-ordinaes of -A-wd-S -as geel as the anee tW4 ad [AM ame determined.

then (x, y) can -be easily determined. iftmwsvr, If Q is at a sammhot moderate
dis tance from -A 4 4 s I ght eiperl~aat-*.m wvIn the meesrment of the
angles result in highly ureliabie esimutos of (In. v).

To overom -this dfflIculty, It Is propoed that n pars of polits
(A).1 (A-,, 4-,), an 2 he* so aon tha Ay1SQ for I u 1. ..

A ethe 3qmure of the zare # .1ha tvllek -Ajt~t4 4IteijV A 2 aoueld **In

.zevo; howr, uhke-*irnrs of' mmsams .4f-b ow-Sleam. of A1 .. 1MoodI
result in AjQ tobe a trianla. a2Is easily eaen to be *.quadratic function

of x and y. tt is p imp d t"a 4a, V) whsh~d~e 1edsemadb-aedd
2 2

A1 +.. +4 -wi~h "wect to~x -alY.

-MG--

"N.

~V.~ V~ .S~~Awl'~

, 04, 71- Z



STOM~tacs DEMVinYMhL awn AM To

IL 31-Arabety
53, 1 I-11memeest

Neliepolia, Cairo, aw"t

The Differential game woge first stuied io lsams' pioneering way
13 a series of bad Corporation mmmanami tuat ofpeV a I a 1954, but
the rules for hi. decoudaiegic gama fer beth pieperenews wham both
of the. knew the present state of the gem ami bm It preoeds.

Lat z-x .x,) be.a vector In the real Snelfdem ape ma").
Wt m~~atit. sid C) be a Moid rgion In, t.) apace. The
state of the pm at Wt Is given by an .Is 13 dterfnimi by a systes
orf ffreatial eqnetious which cm be given to the vecter few.:

ana f (teztuov) and Initial condition Z(ta) 0 -

At time (t) when player (J ) chome a~t) he ieee met know that (02) chooaee
v~t) ad vice versa. ?be justiom *aet are the Iafomtleea awailable for

(iI)and 0J2 ) and bm do the Informations flow?I To mael the Infornmtioua flow 'A. ftiaems,' 'V. N. nlmag, '3.3.
9lliott', OF. Vareiya' and '3. Su.lat discussed approximating differ-
atial &ms by consideuing for any Iateger (a), a partitle. of the

game's tins.
?be research for the gm of tracking and capture wa fomuated when

(P-the pwroer-Is searching for the sueder(R) above, or below his Moit
plume by a heIlatCU) using a tracing systom to capture (1)13 (I'a)
plumm. For all j~ f of (F) d (3) there are soemra wiche
can he given. by: - Theprobability of capture at sacktim--@ of the los.
- The probability of captime corresponding to the distance between it)

adthe terminal. surface of tUe game.

Mlf tom"e

1. Ue-AAATT, K. b "Nathumstical Moelling of Lear Come",* 3*d tat.
Coalarmme em oath. YbdollIfg, California, 1961.

2. 3,43362, 31., "Leser System and Their Optimal Control",
Pro p d1 op of the 26th Annual ftatineg of the Society for
Geel Systow Mesearch with MAM, pp. 1066-1071, Vwattem.
D.C. Jan. 3,1963.
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A HISHE-OROER-ACOJIATE, CONPACT DIFFERENCIIIS SOMI
FORI STEADY NAY IEl-STOCES EQUJATIONS IN

ORTOSA CUVILINEAR COMINIMT SYSTEMS'

Ramesh K. AgarweI*
Mc~onnell Douglas Corporation

St. Louis, NO 63166

MSTPACT

A fourth-order-accurate, gamact differencing scheme, based on the
method of Allen and Southwlal is proposed for the solution of three-
dimensional steady Navier-Stokes equations to orthogonal curvilinear
coordinate system (tuc.The scham Is compact in the sense that in
one dimensions only three nodes are required to obtain the fourth-order
a ccuracy, in contrast to the stawiard schme tdich requires five nodes.

Tecompact difference equations are derived by using the compact
relations, first suggested by Kraiss, between the function f and its
derivatives (fe f,, fr 'f, t'rnyfCC) The solution of the compact
difference equitons i btie WOW acessive-.ver-relaxation. The
scheme is applied to comuting the lamnar flow In a curved pipe and the
floufield of a rotating sphiere at low Peynods numbe. Higher accuracy
is achieved on a coarser mesh Owa that requre with second-order methods
for achiewing the so accuracy.

11wis weft as supperted by Ma~nsell ftugls Independent Mesearch and

"Scientist, WCDomnell Douglas Research Laborptories.
1Allen, 0. N. Dd. and Southwll, It. V., Olaxatton Ob,~ Applied to
Determine the Motion in Two Dimensions of.a Viscous Fluid Past a Fixed
Cylinder,* Quiart. J3. Nach. Appi. Math., Vol. S, 1166. pp. 129-145.
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ITERATIVE SOLUTION OF COMPRESSIBLE
FLOWS USING FINITE ELIENT METHOD

A. Abdelhalim* and A. Ecer**
Purdue University at Indianapolis

Indianapolis, Indiana

ABSTRACT

The study of three-dimensional compressible flows around a body
with complex geometry needs a computational effort proportional to the
the size of the employed computational grids. A detailed understanding
of three-dimensional flows generally requires a large number of grid
points, and computer systems of large capacity. The efficiency of the
solution is closely related to the iterative scheme used In obtaining
such solutions. The purpose of this study is to develop a fast solver
which minimizes the storage requirements and the computation time. The
solver is general in a sense that it can handle irregular grids. The
method uses a Green function to distribute the residuals over an element,
and the iterations are continued until the residuals vanish in all elements.
Since the Information needed for the iterations are only at the element
level, this reduces the required storage considerably and avoids the decom-
position of a global matrix.

Solutions are obtained for various values of the free strem Nach
number. The numerical results obtained are being verified by comparing
with the available data. Also, the history of the convergene of the
numerical solution for both compressible and transonic flows is investi-
gated.

*%

Research Associate
Professor
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=VIEW or RMWIinu- uTNM lot SOUTIU OF
!NCMMUSIMnA VZSCOUS FLOW

by R.UN. Gun ad U. Ghla
Dep tent of Aeropace zagineeritag ad Applied Mechanics

University of Cincinnati, Cincinnati, Ohio 45221

For 2-4) incoprseible vloaus flow, the discretiza-
tion of the contins flow pwab3,m e gnerally been
achieved using WWmt 1 e-point finite difference
sche1:bmes 0 11e111Iia toan .algebaic 4yaten which is tri-
diegemal. Camfu mtai of the sob="s ini the

numnerical valatkom w A- am *oedto niform mucond-
order acuvay for bfth vanpoal. ad spatial coordinates
with unitorm nef. Smer ounplec 'aecous flows of
angineariag intereast ftarequire th solution of problems
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NUMNERICAL 14ETHODS FOR STEADY
FLOWS OF FWIDS WIThMMRY

David S. Nelkus
Department of Mathematics

Illinois Institute of Technology
Chicago, 11. 40616

ABSTRACT

Finite Element methods for solving steady-flow-problems involving
fluids with single-integral constitutive equations hae been developed
E1.2). Early work involved the simple (and not entirely satisfactory)
%Mxwell modelu. This pape shows how the techniques proposed in refs.
I and 2 can be employed to solve problemns with stress-strain laws derived
from chemical kinetic theories. Numerical results using the Doi-Edwards
and Curtiss-Bird equations in a variety of flow geometries will be pre-
sented.

References

1. S. Berstein, M. K. Kadivar and 0. S. Malkus. Camp. Math. Appl. Mach.
Eng., 27, pp. 279-30Z. 1991. ________________

2. N. Virayuthakorn and B. Caswell, J. Non-Newtonian Fluid Nechs., 7,
pp. 245-267. 1980.
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ABSTRACT

RED BLOOD CELL GEOMETRY

H. Westcott Vayo
Mathematics Department
University of Toledo
Toledo. Ohio 43606

Expressions are presented for the volume, cross-sectional area,
surface area, and circumference 

of the red blood cell based on a 
model

aeometry using the Oval of Cassini. Derivations are discussed and
literature cited as these expressions are not readily accessible.

C ,i

The case for the Ospheringn cell is presented via examination
of its volume relation. Various values of the geometric parameters
are given for a range of normal red blood cell dimensions.
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RELATION OF FR1UNCY AND AMPLMIE OF THE SECOND SOLN)

ID PROPERIES OF T1E ARTIC AND PUI) 0RfY VALVES

AN) VEIRIQJLAR HEMONAMICS

Paul D. Stein, M.D.
Henry Ford Hospital

Detroit, Michigan 48202

The second heart sound is caused by vibration of the closed aortic
and pulmonary valves. The intensity of the aortic and pulmonary compo-
nents of the second sound depends upon (1) the distensibility of the
respective valve, (2) characteristics of the valve materials that tend to
dampen vibrations, (3) the mess of the valve, (4) hemodynamic factors that
participate in causing the valve to disteid and vibrate, (5) the viscosity
of the blood and its ability to inhibit diastolic valve Motion, (6) the
size of the aorta and the ventricle, (7) the ability of the walls of the
great vessels and ventricles to absorb or reflect sound energy, and
(8) the transnissibility of sound to the chest wall. Numerous factors
interact that modify these variables. Recognition of the interaction of
these physical, physiological and anatomic factors contributes to a
meaningful interpretation of auscultation of the intensity of the second
heart sound.

The primary hemodymmic variable related to the driving force produc-
tive of valve vibration is the rate of dwrW of the pressure gradient
that develops across the closed valve. 1h presaw gradient across the
valve at the moment of valve closure also nay affect the amplitude of the
second sound. Both depend largely upon ventricular negative dp/dt.
Ventricular negatie dp/dt is a measure of isovolumic relaxation. In a
sense, therefore, the driving force for valve vibration depends on
isovolumic relaxation.

Valve characteristics vary with age, size of the patient, and
disease. Differences between size and distensibility of the aortic and
pulmoary valves contribute to differences of the intensity of the aortic
and pulmnary components of the second sound. In equations that describe
valve vibration and sound due to valve vibration, it is important to
emphasize that the equations describe effective mass. This includes the
mass of the blood in the region of the valve. Failure to consider the
effective mass misled some previous investigators into believing that the
energy of vibration of the valve would be insufficient to produce audible

The frequency of vibration of the aortic and pulmomary valves, and
consequently the frequency of the second sound relates to the stiffness of
the valve, t a effective nasa, and the damping force coefficient. Changes
of stiffness to have greater effects than proportional charges of mass of
the valve. The diameter of the aorta was show to have no effect upon the
frequency. Hemodynmic factors that affect the amplitude of the second
soundl also hav no effect upqon the frequency.

In conclusion, the intensity and frequency of the second sound can be
interpreted on the basis of the various factors that affect valve vibra-
tion, keeping in tdnd that the tranmission and absorption of sound in the
body also play a tole.
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VIBRATION ANALYSES OF ATRIO-VZNTRICULAR VALVE LEAFLETS CONTRIBUTORY TO
CARDIAC AUSCULTATION

J. Mazumdar, T, Hearn and D.N. Ghista
Applied Mathematics Department

University of Adelaide, Adelaide, Australia
Dept*. of Medicine & Engineering Physics

Mc(aster University, Hamilton, Ontario, Canada

Hear sounds result from vibrations of cardiac structures. However,
improved interpretation and application of phonocardiograus requires under-
standing of the relative contributions to the heart sound content of the
vibrating cardiac structures, in order that the characteristics of the
relevant components of the heart sound be correlated to the properties of
the vibration of cardiac structures.

The equation of motion of the valve membrane is of the type

p 3 W dG + d iW d - T 3W ds - F dQ

aat C 3n
u

wherein (I) the terms represent inertial, viscous damping, elastic and
driving forces, (ii) P, arising from ventricular contraction, is qh(r).
The solution to this equation is found using the normal mode expansion in
terms of the eigenfunctions of the associated free vibration problem.

Interpretations of the computed displacement and velocity responses
provide explanations for phenomena, such as diminished sound production in
a poor contracting ventricle and due to valve leaflet calcification, a
louder first heart sound associated with higher membrane velocity response,
and for the first heart sound being predominantly of left-sided origin.
It will also be shown how the membrane property can be assessed from the
response characteristics.

-227-



ELECTWucDAMlCAL COUPLING IN THE GASTROINTESTIMAL (GI) SYSTEM
S. N. Raddy and E. E. Daniel.

Department of Weuroaciences, McJaster University
Hamilton, Ontario, Canada LUN 3Z5

The normel GI milty Involves mixing sod propelling the Ingested
meal along the GI tract so a4 to facilitate the itftstimal. absorption Of
nutrients, electrolytes, water *=-. This is, achieved by various patterns
of tonic and phasic or thyctac contractions. of the- gut well. Tonic
contractions geavrate a steady local pressure on the put lasting several
minutes and appear to be unrelated to may electrical activity. oever
the phasic contractions are contempramsous with spike bursts, the
occurence of whaich is controlled in tim and spae by omipresent
rhythmic slmw wave oscillations.

The elm we of a 1moA msc.. cell I-s ctmracterized by a restin
memrne potential. a depolarizIng phase, a plateau phase superimposed
with or without spike bursts and repolarting phase. The frequency of
the slow waves in himamse rampe fanm 3 c/a In the stomach to 12 c/a in
the small intestine. Thus the umlsmm rate of phasic contractions is
the eamm as the frequency of the slo w ums. However, ther one-to-ones
relatioship, between contractions anit spike burets is by ne mane
universal in the GI systonq the stomach my contract doe to an increased
plateau phase of the slow wave; the colas exhibits, no definite relation
between slow waves, spikes and omntractione;- ad the aphlncteric regions

The oscillatory sliow' yees- of atjacent cells are coupled to each
other with the distal. one leading, the prmla oine so that the cells
act in unison .I&- genexating, wamcally effective cowtvationm. The
structural mo fumetioal basis for the electrical coupling appears to
be the low resittnes- gm- jimotions, soon the meek mumnla cells,
Even though, the &Low weem ave syogeeic In atmvw, themset -I& tosm
the contractios, sio al"o madulated-by memsel. ad. IarmiL factozr
specific toL & given acimdus, sac. soa tiamtd matoujaf.

In onclusaio, the CL mstsaw per sw I& chaastrsei by ac etzo-
mechanical oomptmng. Me. rhytmI elma waves- bdwe an & myetan. of
coupled relaxatin ascilistors.. They are Integrative in function In
that they appear to propagate aborafly sad to coatrol, in tine mat space,
the occovms of spike bursts and, bows, ontractions.
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A CUNWUTREIZZD SPIN VISUALIZATIONI SYSTRK

L. T. Cook, A. A. DaSmet, M. A. Asher, M. A. Tarlton. S. J. Dwyer III
University of Kansas Medical Center

Kansas City, Kansas

We have originated a computerized radiographic method for
observing and recording the three-dimensional coordinates of spinal
landmarks. Posteroanterior and posterior oblique radiographs of the
spine are obtained with the patient standing within a specially con-
structed fraework which also holds the films.* Points an each. of the
three film are digitized using a sonic digitizer tablet. Data entry
is facilitated through the use of Interactive color graphics data entry
program which prompts the entry of each data Item ad records the data
entered. This Information is used to calculate the three-dimensional
coordinates of spinal landmarks. The Information is then displayed
as a stylized spine using the color graphics system. Classical
measures of scoliosis are calculated and displayed. A top view of the
spine can also he selected end viewd with this system.

More than 100 patients have been examined using this system.
Our aim is to examine patients over time for scoliosis progression
and other changes. Eventually, ws hope to identify factors which/ are expresoed In the shape of a scoliotic curve end are Indications
of future progression.

We will discuss our results concerning spinal landmark location,
and we will present sowe Interesting clinical data.
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A THEORY T0 PREDICT LJFEIMMBAILITY IN
FIUEB CONPOSITE AIIGLEPLIED LANINATES

Christo& C. Chants
KASA Lewis Research Center

Cleveland, Ohio

ABSTRACT

The design driver for strength-controlled fiber composite structures is life/
durability in general. The lifeldurability of fiber composite angleplied
laminates Is presently determined experimentally. Though the experimental
approach is direct, it is not generic since measured data from one angleplied
linate is not transferable to any other. In addition, the experimental
approach becomes time consuming and costly. .It frequetly ties up manpower
and equimnt for extended periods of tie. Both of these are compotunded when
the lifeldurability of composite aleoplied laminates Is to be determined in
hygrothermal (hot-Anet) environmental conditions.
On the other hand, a theory to predict the life/durabfilty of engleplied
lainates, based on measured lifeldurability of unidirectional composites
(plies) is general ad applicable to any angleplied laminates from the same
composite systes. The theoetical approach has the additional advantage that
it can be based on cemtitwet materials wing composite micraochanics. The
objective of this pae Is to describe a theory -for predicting the 11f41
durabil1ity of fiber composite ingleplied inmates sabjected to hygrotheumo-

mechanical loadings (cyclic loads In hot-wet envirommeets).

predicting the lifeldwability of unidirectional composites using static,
room.tmerstve, dry data. The no-dimensional generc equation for

predctfq te lft/esirbilty f wdirctltal ompsits I siplygiven

where S Is the desired llfelds'ability, So is the reference static stress
determined at room temperature (TO) dry conditions- T Is the glass
transition t ra tre of the composite at the anticipatI wet condition;
T i h9as transition temperature of the dry c~mosite; T is the
alicipated use temperature; B is the cyclic load degadation coefficient and
N is the anticipated nmbher of cycles. The degradiation coefficient has the
following values for graphite-fiberlepoxy-matri a composites: 0.02 for
longitudinal tension cyclic loading, 0.07 for longitudinal compression and
0.10 for transverse compression end intralimanar shear.

Equation (1) is used In a combined-stress failure criterion to predict the
lifeldvrability of unidirectional composites subJected to combined ygroher_0 mcanical loadings. The combne-stress strength-criterion is then used in
conjOmction with 1i01ate theory and ply stress influence coefficients to
predict the litedurabllity of angleplied lainates. Subsequently, the theory
is extended, using Findly's Theory, to include possible viscoelastic behavior
40d its effect on llfejdurability. Aso, reference is Made on how to base the
theory at the Constituents materials' level using appropriate comite
micromechanics.
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BTO" M Left IUI N5£ MINTU ft AN$URS CWUfl3S

.LChaturvedi, C. 1. Se ad R. F. Gibson5

Maparat of Books".t 86ciences
Vavrsity of nlrds. Gaseeille, ft. 32611

ABSTRACT:

It to -fairly tmthat fiber rel~eroed polymer ceepos item eambbit
siificanotly greter taberesI 4eepiagt2 -Udm the conventional structural
meotals. lowever, the y getial t siatutflest lproemunt sAd opttniztlen
of gepqI thes e era mtevllU has out hemn f ally vealtoead. Ifts paper

* describes reaoe mailyaiesl. iw immeWg 4dftento eoeei.ae -the effects
of fiber aspect vatio, fiLber .pectig. * -the visaselastic prepert iem of
cI telee.. amibrlule en 1.ptg and stiffooss of Aligood dieceotmimas fiberI
reliferead plpw votrftomsposi.te*. Im 415fereat ainlytical aedels ahow
that ther 5 Is aneptim -fiber aspect ratio for sioles. domping that chaneas
with aboogs in the vatic *f fiber -extemeioul. less -tatker to mtric shear loes
factor. If thie ratio ia Ue -thon 113, 03s Predicted "Clem filber aspect
ratime. -in do lbs or actual appeet velies fet *661her sad of creftihere
othemias a -, imiess wasotomat -wIll -eshftt midosds~it

for fomparies joith pumdlitems.

I * Mbes. IL. I. ool ima. I. 4L. '"pnc fteperkios Of ftber lufeweed
6owpode*nae 4bsbimk .4 sad~o Yihueaia 9"u. e. IL. Us. 10 daeber.

2. 46ft, V. W.. "Gomepoodle Mterfiefe: A Owers, * do h .wp poety of
fr lelefaread *oepeete, tog,
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3. 6e., 6. L.., "In IN49teW a 1, gbeuo af leper adWl sober io
Mf*erei. . 4ftt. 2. .ft hus.. WiVo._-, "S~t. p.1-9
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ZNERGY RELEASE RATES FOR W~ERLAKINAR FRACTURE
IN COMPOSITE LAMINATES

by

T. P. Yu and S. S. Wang

Department of Theoretical and Applied Mechanics
University of Illinois

Urbana, IL 61801

Abstract

Interlaminar fracture, also called delamination, is one of the
moat unique and frequently encountered failure modes in advanced com-
posites. It generally results from the Inherently weak interlominar
strength along a ply Interface, high stress concentrations at geometric
boundaries, and imperfect bonding between dissimilar composite laminae.
Recent Studies on the interlaminar crack behavior have led to proposed
fracture mechanics teat* for evaluation of InterlamInar fracture tough-
noes of fiber-reinforced composites. The -presence and growth of delam-
ination way cause significant failure probem such as stiffness roduc-

tion and structural disintegration. Fracture characterization, reli-
able design, and analyses of advanced composites require better under-
standing of the fundamental nature of delamination and the establish-
ment of suitable failure criteria for prediction of initiation and
growth of laterlmimar cracks.

The nature of dslaxnation is well recognized to be very complex.
It IS basically a fracture problem Involving crack or debond between
two highly anisoerepic, fiber-composite lemmuas uinder a comples state
of Stroes In this papers a study is conducted em the evaluastion of
energ relese rates of interlaumar fracture behavior In fiber-
reinforced composite laminates. lased on different interleminer frac-
ture mechanics models recently developed, formulatisns and solutioe
schemes of the problas are prevented. Fracture sechanics parameters
such as GI, G GI 0?;! and 9 1. KI, Ki or*ae termined. 1ffeete of
material non"-llnerl gemtricadm mmto variables am later-
laminar fracture mechanica &re reported. In the meliear part, the
order of stress Singularity ner the crack tip is obtand by wsing -n
asymptotic expansion method. N1olier Interlaonar Strome Intensity
factors and asaociated strain smro release rates are evaluated and
compared with those In a linear cane. Nu3rcal solutifo.by using a
finite element method are aee obtained for Independent cheek. Ispor-
tant Implications em the physical behavior and uatetilcaL mdele of
the composite fracture problem ane discussed.
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5KIU/STIFFKU IWUWAW ISUS IN
CCuiorTZ STwvuin PAL8U

by

Jomes Ting-Shun Vang
School of Ruginearing Science and Mechanics

Georgia Institute of Tochmology
Atlanta, Georgia 30332

and
Shorill It. zloaer$ an Lin V. Liii

Advanced Structures Depa tn
LoC*Aee-Gwsri Company
Marietta, Georgia 30063

Separation of stiffeners from the skin (web) is one of the major
failure mod"s to be considered in the design of composite stif fened
pawels. This temdescy to separate my result from surface leads on the
skin or from stresses daelopedinL pst beckled skins. The purpose of

- - ~ this study Is to proaoe an aalytical model and a solution method uhich
allow direct comutation of stresses at the skin/tiffene interface as
wall as related deformation and stresse in the skin med stiffener plates.

The physical ="I conssts of a stiffener flange eod the portion
of the akin directly attached to the stiffsast. TIe twa components wre
treated as separate erompic plates connected by me elestic Isotropic
layer. Stresse in the ist ace howe are tressed as surface loadings
on die plates. The BkUR plt Is .ubjacted to 04P loading along the
free edge of the otiftemor plate, andd genral analysis accons for
the of fect of ieplam ,eloding.

Tor experimeal verification of the model, sm at autlon for
a One dimeOainAl mOda VIth Adentical&M din &stffene plOAs has been
obtained, snd ame mmsufts uIll be pcsse. Lbsed eopboanu results
~sw al Us it~h shesiptical msoltim. .nltel rescues laftcams that
the pack *sm@seso &be -ons Ieper -m sentaleag peak nondl
interface stmess aser sho da iscatem em cut aotwa ft the width
of the model.

por the osnacel am dimensional mod", a voSM~te reehidusl procedure
is used is the saysi. tnpiess and P ms dieplaemsess Mr sac
plat coupled troe. the ilersin Amerf ame stesse raseed by
a ppiate aft$ of oetwml fiactisem wte htm selved to terms of us
1, ha- cOfficns. Our Am eses Th s asesifIate. eskee-
q"aty determined by uCditg owitneitp iis am.u of the to
plates throgh the laterfece Ieper, ails d4reM compmating of U*tefse
stresses. A doe aft of eeriste fane ased la be*h dImctiem
are amobe. wall bdad solution we mattaipefted. Parthnoe. d
integration prsaic r a h sijd rao esi "u wit owedkiste faas
used as the weighting ftima *an beaaLeey porehe, the d

Iaca wmreeima arf the elamunte of the seefftobe astals of IMhe -
sift ass. of algabsic squeties am he emplistly estlahesbd.
*a"s desirable fsas *Um w sw ays"a ft be assly oed -syesmstleatly
slooted.
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IlTnFlA STRUSSZS IN COMhIT SThICTWZS:

ANALYTICAL AND WEZRDUT* APPbOACHES

Jets T.Findr.,by
Jery T P~d~r. ogdom R. Kresmsuki

Departimt of Civil Negimeeriug
f University of Waterloo

Waterloo. Ontario. Caneda. 92L 301

Mareh-Jersy tisdera
Mterial Sciesces Coporationt

Obynedi Plaza 11, Spring Smme, ?.onyvenia, U.S.A.
Interlamner stresses In lamnated structures constructed of so-

called advanced omposite materials, which arise becme of mismacb to
material propertia; of differently oriented Immnee, can he reponsible
for early dolmonation failures. Venom authers have shown that undsr
certain lading conditions then. stresses are restricted to a emal

regon n te iciityof hefree eg. This boundary layer region io
characterised by high& values of the out-of-plans stress componest that
in some cases suggest sinwzlar behaviour ae"n lode interfaes at the
free edge.

So far, no satisfactory experimental methods hae bae developed
to determine the Interf ace stress states bemse of Inherent sxperiment-a
tal difficulties. - A comprehensive review of eqierimental. investIga-
tions of composite materials hen been presented by 1.11. Dales..1

The method of isodynew recently developed by 3.?. Pindera and co-
workers allows to determine all the stress components acting as a given
cross-section directly without recourse to my aimiliavy elastic roe-
tions. This methodology therefore appears particularly well suited foir
determination of boundary layer characteristics :in optically transparent
layers of a lamnated structure which are observable from a point out-
side, the configuration.

The difference In values of Poissou ratios of lamated plies or
layers Is recognized major paramter Influencing the Interface stresses
and particularly the peel astress*@. Accordingly, the dependence of the
Interface stress components on the mismatch of Poisson ratios In the
range from 0. 02 to 0. 36 (0.38) Is anak. ied.

111 1.J.Salmn,"An Assessment of the Interleminar Stress Problem in
Lamnated Cosposites", J . Composite Materials Supplement, 14(1180),
177-194.

[2) 1. X. Daniel, "Ibotooeastic Investigation of Compostes", In: N-ech-
i&-O -" 1 odm edited by 0. P. Sendeckyj. Aaemic
Pres,btNew ok,974

131 J. T. Pindera, 'hsslyrtica1 loesdatiom of the Tsodyne Photolasticity",
Mechanics Research Comicatioes, 8(2281), 391-397.
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INTUAMWM STVESmE IN
FILMNT NERRKED COPOSflMS

mum V. LN~brt
18S115 Milton Drive

Glwandr California 91740

A solution is found for the sU*esss betwen two equel thick-
mess, fiite, rectangular Iie whose filaments are oriented at plus
ad minus the sm aqle 0 to the a axis ad Ohn pafr is saubjected to
a anfmltowm pl stress in the x directimn.

The usluta uftsfis 3 dlimmunl equ1iibrim equationis end
eact bsuumiy couaittls on all 6 Vemu of heth lantus. Aftiso-
tropic stress Stuits relatiens aP"Prrte to Sw tvensv wsily i so-
tropic mie vmtfftd pli W e9w 0 to moch other ane slo satisfiled.

Thwe an to aemaded streseus on' the oftesaftou k~h stress
groiteuts occer ve shwet dlstmes an Ihe er fd Imia thick-
mesa. Puom ane givn fus* all w iwes of Iteorlmtuer stres
as well astheir loostions.
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POSBUCKLZU DBAUO AND SBCOARY BUML1S

Of 00M1$ IS ?JAU VAU BIAIAL XOADIIB

RAMP! A. ASH=00

ABSIAC!

This work presents an alyis for the poet-prinary-
buckling aml secondary bucklin problems of generally
orthotroplo laminated rectngla plates mner biaxial
ompression with simple support boundary ooaditione.

Based on the anslysis * two computer progress oslied CONOP
Claosicel Buckling Nods for CansIto latesl) and SBOP

Rocondary Duckliqg of COmpos it* ate.) have been developed.
AP-!5 oe-top computers have been used to run QUOP ad

830?, and to autaxtiolly produce required camve.
Rmoricsl results are presented for Isotropic so well an

composite lmnated plates oer sqare isotropio plates
under ial ompression, thea reslts of the present aly-*is compare favorably with previous solut ions . ?be presentresults suggest that each of the aspect ratio, biaxial
compressive load ratio, lainae material, and lemm.
orientation angles, has an apparent effect on the primary
buckling, post-primary-buckling, and secondary bucklin
behaviors of simply supported rectangular plate.. 30c0
factors have tobeo taken Late consideration whenever a%
optimum design for such plates to sought. Uosed on the
present results, a simpl design criterion has been

PrOP~edforsimply supoted Isotropic or composite
lamnaedrectangular plates under biaxial compression,

when they are used in th pest-pr 13017-buckling range.

Assistant Praoessor, Deatent of Aeronautical Ingineer-
last Cairo University. Cairo, t. Currently with the
Department of Neehanicel lgineeoriage Uiveraity of Mambto,
Vinnipeg, Niutoba, Canada. On leave from Cairo University.
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DETZCTABILITY OF STRUCTURAL FAtIJ.3S UN OUFSIWU PLATWOUMS
BY VIBRATION NOUITORIG

1. Coppolino and S. Rubin
The Aerospace Corporation
2350 El Segundo Boulevard

91 Segundo, CA

Historically, undervater visual examination by divers has been
employed to monitor the structural integrity of fixed offshore platforms.
Alternative approaches for inspection are being sought to lessen the
cost and hazard of diver operations, especially in deep and hostile
waters. During the past five years, governmert sponsored efforts have
been conducted by the Aerospace Corporation on vibration monitoring as
a potential inspection method. Analytical and experimental feasibility
studies have led to a novel scheme, flexibility monitoring, which has
the ability of locating individual structural member failures. Field
tests are currently in progress to demonstrate and refine the flexibility
monitoring technique.

-
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MONITORING OF DAN INTEGRITY BY TESTING AID ANALYSIS

14. W. Dobbs ad P. Ibhez
Forensic Science Assoc. ad ANCO Engineers, Inc.

9937 Jefferson Blvd.
Culver CIty, CA 90230

Dem integrity and dam safety have always been a major concern of
regulatory agencies and research agencies. Hlowever, a number of
failures and near failures of major dam have prompted intensified
measures for dam Inspection and safety assessment. In response to
these Intensified needs, the National Science Foundation awarded two
grants to MICO Engineers, Inc. (ANCO) to dynamically test and acousti-
tally analyze concrete dams. The purpose of this program was to
complement traditional techniques for inspection and damage assessment.

The basic premise of this program was to monitor the dynamic and
acoustic emission properties of the arch during periodic forced
vibration tests and to relate changes in these properties to changes
in the integrity of the arch and the foundation and abutment regions.
Changes in the dynamic properties (decreases In resonant frequencies)
would be a strong Indicator of global damage (reduction in stiffness),
while changes In the acoustic properties (increases In acoustic
emissions) would be a strong indicator of local damage (regions of
cracks and zones of high stress).

To investigate the application of the method.* ARCO conducted
research in forced vibration testing of concrete dams, In acoustic
emission analyses of concrete, In finite element dynamic analysis,* and
In Bayesian estimation for parmter identification and damage assess-
mant. The forced vibration tests were done using single-unit and
dual-unit eccentric mas sinusoidal shakers. Force levels up to
0.556 W(125,000 lbf) were used, and crest response levels of 0.01g
were av~aimed. In all the tests the resonant frequencies were identi-
fied, the response shapes were sapped, the critical damping ratiosV
were estimated, and the acoustic emissions were monitored. Three
concrete dm In California were tested.

The results of the forced vibration tests, the dynamic analyses,
and the Bayesia estimat ion anayses for paromter Identification are
discussed In the present paper. The major conclusions Include
(1) forced vibration tests and parameter Identification are necessary
for finite element m=del verification and accurate safety analyses,
and (2) the proposed method has application to damage assessment
after extrem loadings.
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INoLVInG sEI14GR GRouTiUG AND HDORACTUUniG

by

(1)(2Robert M. Koerner and James; D. Lealrd~2

Abstract

The acoustic emission method Is a nondestructive testing technique
whereby stress waves which are generated by material Instabilities are
seused, recorded and analyzed In various ways. The emissions are general-
ly senesd by a piesoolectric transducer which results In a wave form that
can be treated by standard techniques. Furthermore. by using a multiple
channel pickup system it Is possible to source locate the cause of the in-
stability within the structure Itself. it is this aspect of soarce Iota-
tion which is the focus of this paper.

The material system of concern is soil which has an Inamous history
of failing when seepage, occurs above certain levels. When this occurs,
the usual reoedy Is by Injeaction grouting of low viscosity chemical

* ~grouts. The danger, however, Is that high grouting pressure. can cnn
tenile splitting of the soil mass (called "hydrofracturing"), oftentimes

sing more damage than good.

Each of these mechanism (seepage, grouting and hydrofracturing)
create nouequilibrims within the soil wsas and results In acoustic Ois-
sins. The goal of the project Is to locate In three-dimensional real
tine the locus of theme events. Using this Information, the meepag can

located and/or avoided.

To date, both large scale laboratory monitoring of seepage and grant-
Ing and field monitoring of grouting have been performed.. The inalti-
chnel acoustic emission system Is functioning and currently results In
delay time between individual arrivals at the various senors. Softwr
program. are currently being developed to define the source location In
three-dimensional space. The system will eventually be fitted with a CRT
screen so that a real time graphic output will result.

( 1)Professor of Civil Magimeering
Drezel University
Philadelphia. PA 19104

( 2 Gotecal- Research Ifgimeer
Acoustic vidsono Technology Conference A
1812 J Tribute load
Sacramnto, CA 95815
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A DIGITAL OPTICAL TRANSDUCER
TO MEASURE DISPLACEMENT. STRAIN

AND FOR INSPECTION PURPOSES

C.E.H. Sug and W.P.T. North
Mechanical Engineering Department

An optical detector utilizing integrated circuit technolog to
combine a planar light sewsor with amplification and triggering, provides
a device whse output frequency is a function of Incident light. The
detector in Itself Is an analog to digital converter which incorporates
an Integrated circuit for frequency conversion. The variable frequency
output of the detector makes it ideal for numerous applications In the
areas of stress analysis, aerospace and automotive industries. robotics

and automation. Noloying optical echnfiques. accurate measuramant of
dipacemen, strain and Inspection for quality control was conceived. i

lihen using the principle -of quasi-diffraction and a Us-Ne laser as
the light source to measure small strains.* resolution of ZS mcrstrala
was achieved for a gage length of 4m. The "optical digital strain
sage" is sheen to have high menitivity, linearity and accuracy. It
is unaffected by humidity, temperature. transverse strain, time effects
and other variables affecting -the output of electrical resistne Ages.
Furthermore It is ai~le to mee. usable -in hostile conditions. *Imespen-
sive and Is a form of rn-contact measurement in the semee, that therem
need he no physical connection betseen specimen and readout. Alan.
digital readout provides easy Interpretation of results.

A further application us tested using* the detector for qualifying
bolts for proper length, dimter mod the peesne of the correct thread.
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Session FM-1: IVPECTIVES IN TIM THEORIES OF ORIEUD

Organizer: C. DAVINI, Universita di Pisa, Italy
Chairperson: C. CAPRIZO CNUCE/C1R, Pisa, Italy
Co-Chairpersont Re S. R. GORLA, Cleveland Srtte University

* 9:30 - 10:00 S. C. COWIN, Tulane University:
"Some Rmarks on the Development of Theories of
Oriented aterials 1960-0"

10:00 - 10:30 Pi PODIO-CUIDUGLI, Universita di Plisa, Italy:

"Structured Continua from a Lagrangim Point of Vie "

10:30 - 11:00 COFFEE BREAK

11:00 - 11:30 C. DAVINI, Universita di Udina, Universita di
Pisa. Italyt

"An Approach to the Kinetmatics of Defect in Crystalline
Solids"

* 11:30 - 12:00 0. P. PARRY, The University of Bath, England:
"Phase Changes 6f the First Kind in Thbauoelasticity"

12%00 - 12:15 .No.L. NARASINHAN, L. B. IT CZICZ and J. N. VILSOK,
Oregon State University:
"Theory of Bilevel Anisotropic Elastic Solids with I
Nonlocal Polar Constitution"

12:15 - 12:30 S. DOST, The Univarsity of Calgary:
"Propagation of Acceleration 11aes in Elastic Dielectrics"

12:30 - 12:45 L. B. ILCEWI, LN..L. UARASIAN and J. B. hUGE,
Oregon State University:
"Macro and Micro Material Symtries in Generalized
Continua"
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SOE EMANS ON T E DUVSELOM OF
THEOMRS OF ORIRITID )TRM S 1960-1980

Stephen C. Gavin
Department of Diomedioal "Iineerin8

Tulma. University
Nev Orleans, LA 70118

A great deal of york has been published on the continuum
theories of oriented materials in the twenty year period from
1960 to 1960. A wide but eective assessmmt of these con-
tribution. s to dertaken bere. Vlowiag a short historical
Introduction, and a presentation of the basic ides and
equations, certain aspects of the general theory are discussed.
In particular the nature of the equation described as the "eon-
servation of uIcroiserti o s critiqued. Guidelines for the
formulation of boundary couditions are discussed. The appli-
cability of these theories to the flow of liquid crystals,

blood, suspensions and to turbulent flows, stress concentrations
In metals and boe, composite solid materials, granular
materials and to solid materials with e11 distributed voids
are dgvbaeed. An effort is oak to estrect fm these two
decades of literature s suggestions for Sood practice In
the feomIlation of oriented €ostInum models for real materials.

(1) Goodaf, %A. eand 8,X. aMIn, A Gentiumm Theory for 4 -

249-266, 1972.
(2) Cowin, s.C., The Theory of Po1sr Plds, t

72, ft73-2(CA 1979. A 7434,194

(3) AtItin, itJ.' S.C. cow ad N. Vft, on somsry ("Wiio

1977.
(4) COVIN, 16C. at F,' t"1206 on amti sar am s vaenta

(5) Movalatto, .1#9. Ovid S.C.- 0obs, A 11o1-L/neV ftivory of
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STRUCTUD COMUT!IA FROM A IALAMIIM POMT OF VIEW

P. Podio-Cuidugli.
University of PLsa, Italy

As is known, the standard Lagrangian formalisa for
finite-dixensional dynamical syses can be adapted to give
theories of structured continua a forest which includes macro
end micro strain and stress variables. and loads effortlessly
to lay down an appropriate set of balance laws.

We give a succinct account of this approach, along"
lines detailed in [II and [21. focusing on a feature which
is. absent In classical Lagrangian dynamics, namely, that the
possible distributions of internal forces are restricted by
acondition of vanishing pover for every admissible rigid
virtual velocity fid.

The theory has sufficient generality to encourage as

special cases all the theories proposed so far to cover an
saingly wuide range of applications. Applications of the

theory to liquid crystals and to elastic rods will be
described In somm detail.

[I] G. Copris and P. ?odio-Gmidugli. Material, with Finite-
Dimensional Structure in Mechanics of Structured Media,
Part A, pp. 255-268, A.P.S. Selvadural, Id., Elevier,
1981.

[21 G. CaPri2 andP. Podio-WudUgli. StructUred Continua
from a Lograngien Point of Pis forthcoming.

-24X;

OV

3V4 <~. '



AN APPROACHI TO THE KINEMATICS OP DEFECT IN CRYSTALLIMS SOLIDS

Ceasare Davini
University of Udine. Italy

We use the usual body of the director theories of continua
to describe a crystalline body, but Interpret the directors a
delivering the average values, on the microscope scale, of the
lattice vectors which define the material cean on the atomic
scale. When the crystalline texture Is not perfect, it Is
assumed that the lattice distortions Induced by defects such
as vacancies, intersticials or dislocations ore adequately
described by the local values of the directors and their curls.

Under the assumption that the defects do not chap
whenever the cells !;Chavo materially (elastic deformtios)
and only in this case, we study the lift, surface and volume-
Integrals, Involving the direar )rs and their curls, that are
invariant under such deformatioke. This provides a list of
defect measures that characterize the oelastic. rangje of any
given configuration of the body, avA Also a basis for their
classification.

The paper elaborates on this and discusses some examles.

PHASE CHAUS OF TM FIST KMN IM THRUMIARlCMY

0. P. Parry
University of Seth

Beth, U.K.

Abrupt ch=as In the geometry of crystals may he
categorized accordiag to the type of geometric parmter
which Is discontinous. tn saamliunr themsaelaeticity,
jsinps I& the ascopic strain arise through the supposed
nonlavertibility of the free energy. In Internal variable
theories, a similar assumption gives jumps in the Internal
variable, and elso Interesting properties In the theta-
elasticity theory which derives fromx It. These chapge are
analyzed and compared with a vie, to finding esew ascro-
soopic feature which distimpashes the two types of transition.

,.-.v

-~ -~7. -

e* I 7,2 .*..



THEORY OF BILEVEL AdISOTWOPIC ELASTIC SOLIDS

WITH NONLOCAL POLAR CONSTITUTION

by

bLH.L. Narazinhan
Department of Mathematics

L.B. Ilcewicz
Department of Forest Products

J.B. Wilson
Department of Forest Products

Oregon State University, Corvallis, OR 97331

Abs tract

In analytical treatment of problems involving material
behavior from a generalized continuum mechanical stand-
point one is often faced with the problem of Incorporating
different form of anisotropy at different levels of micro
and macroscopic aggregates within the sawe material. In
this paper, a continuum theory of anisotropic elasticI
solids incorporating nonlocal effects of Its micro-
structures is so developed as to permit analytically the
treatment of diverse anisotropic properties at micro and
macroscopic levels. In order to illustrate the mathe-
matical development in practial. applications the theory

tropy on the microscopic level and transverse Isotropy
on the macroscopic level as suck situations are of special
relevance, for instance, to wood and wodbased products.
The resulting field equations are solved for the propaga-
tion of plane waves in a bilevel anisotropic nonlocal
mioropolar elastic solid.
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PROPAGATIOSN OF ACCELERATION WAVES IN ELASTIC DIELECTRICS

Sadik Dost*

Department of Mechanical Enginearing, The Univeristy of Calgary
Calgary, Alberta, Canada, T2N INA

ABSTRACT

In the paper the propagation of acceleration waves of arbit-
rary form propagating into a deformed elastic dielectric with polariz-
ation effect is Investigated. A acceleration wave is defined as a sec-
ond order propagating surface of discontinuity on which the position
vector, the polarization vector and Maxwell potential, and their first
order derivatives with respect to time and space coordinates are contin-
uous while the second derivatives of these quantities may suffer jumps
but are continuous everywhere else. By computing the jumps of the
balnce equations on the singular surface, implicit equations for wave
speeds corresponding to non-zero amplitudes of acceleration wave are
obtained. It is noteworthy that the Jumps of the second order deriv-
atives of Mseetll potential are also continuous across the acceleration

wave.

The sams equations for wave speeds are also derived for
isotropic elastic dielectrics. The wave speeds for longitudinal and
transverse waves are obtained In explicit forms and the conditions of
existence of reel wave speeds are investigated.

The growth mid decay of acceleration waves are also examned
herein. Calculation of the Jumps of the tins derivatives of the balamc
equations leads to a general growth equation. The explicit expression
of the growth equation is given, in the case of isotropic materials. TheI
growth equation for longitudinal and tramoverse waves is integrated by
taking advatage of the fact that the wafe speeds are constant. The
decay conditions are ezantmed for both cases, and the shock fa JMta
is presented. Furthermore,, the results are applied to the plane, cylin-
drical and spherical waves.

*Associate Professor



MACRO AND MICRO MATERIAL SYMMETRIES
IN GIERALIZED CONTINUA

by

L.B. Ilcewicz
Department of Forest Products

K.N.L. Marasiihan
Department of Mathematics

J.3. Wilson
Department of Forest Products

Oregon State University, Corvallis, OR 97331

Abstract

Nonlocal polar theory (NIP) utilizes a generalized
continuum from which nonlocal (ML), micropolar (HP) and
classical continuum theories can be derived as special
cases. The NLP theory allows the study of material
behavior arising from different levels of micro and macro-
domains of the same body. In this paper, the balance laws I
and constitutive equations for NLP materials are developed
for purposes of direct applications in the fields of solid
mechanics. The resulting constitutive laws are expressed
in Bulerian form and compared with those of ML, 14P and
classical theories. Independent nonvanishing constitutive
moduli are obtained for a variety of classes of macro and
micro material symmtries, including triclinic, monoclinic,
rhombic (orthotropic), tetragonal, cubic, hexagonal and
transverse isotropic. A suitable attenuation function
is employed for purposes of incorporating the nonlocal
interactions of neighboring material points at any material
point of a body. The concept of such an attenuation
function as it applies to solid mechanics is developed and
illustrated by specific examples and forme that are useful
in modeling materials with many different levels of inter-
nal sub-structures.

4-
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Ml E1UCROfIC GREOI(RANICAL MODBL 103 SOILS

Kirk C. Valanis
Dean and Professor

College of Rngineerfng
aniversity of Cincinnati

651 Baldwin Ral
Cincitusti, Ohio 45221

Sils exhibit a hydrostatic response, which Is
uniquely different from that of metals, in that they may
dilate or densify under constant confining pressure and
(cyclic) shearing motion depending on the prevailing stress
and porosity conditions. A three dimensional unified
theory that can predict this phenomenon quantitatively,
is proposed and discussed. The theory is of the endochromic
type, previously advanced by the author,, where the measure
of Intinsic time isa a positive definite norm, of the
Increment of the plastic strain tensor.

Specifically, It is shown that the analytical
prediction of the stress and hydrostatic strain responses
of Sacramento Rtiver sand In a triaziel test, is very CIOe.
to the experimental data of Lee and Seed. iMr importantly
the physical foundations of softening and the transition
from dilatency to densification are laid bare and discussed
In the context of the analytical setting.
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4ATHDIATICAL CHARACTERIZATI'O OF SOIL USING THS CAP MODEL

By George Y. Baladi, Member, ASCE

The cap model is a mathematical description of the behavior of
geological materials which is based on the classical theory of plas-
ticity. The yield surface for this model consists of a failure envelope,
which is usually fixed in stress space (ideally plastic) and a moveable
cap whose position is a functional of the volumetric strain history of
the material. The model uses an associated flow rule to satisfy theoreti-
cal continuity and uniqueness requirements. It controls dilatancy while
it allows hysteresis and apparent Bauschinger effects, in a load-unload
cycle. With a hardening failure envelope the model can represent cyclic
hysteresis. Also, material anisotropy, rate-dependency, and the effects
of pore fluid can all be included in the model.

The model is the natural development of earlier work, starting from
the Drucker-Prager elastic-plastic models. The idea of adding a moveable
cap is due to Drucker, Gibson, and Henkel and Jnie and Shield. Finally,
Roscoe and his co-workers at Cubride University formulated a cohesion-
less model which involves a strain-hardening yied function of volumetric
compressive strain, but has doubtful uniqueness and continuity properties.

The cap model has been used to simlate the behavior of a wide range
of geological and amn-oade materials such as soil, rock, concrete, etc.
This paper describes the developmst and the numerical Implementation of
a three-dimensional elastic-viscoplastic work-hardening cap model for
earth materials. The constitutive relationship is capable of reproducing
the hysteretic behavior of the material umur both hydrostatic and deviatoric
states of stress; it also accounts for sasr-dced volume change and
the effect of superimposed -hdrotatic stress an shearing -respouse. The
capability of the constitutive relationship for simlating the observed
time-dependent response of earth materials s eamined; an example fit
for a dry send Is given based on static and dynamic laboratory triaxial
shear and imlxial strain test results.

seere Civil fgimeer, Ge mneemics Division, Structures Laboratory,

U. S. Mmy Inkgmser Waterways Ekqpm-t Statin, Vicksburg, Mississippi.
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cctTI"UrIVE !UELING OF SOILS AND
E AR1 K~E- INIIJn LANELIE

W.F. Chen S.L. Kh
School of Civil gineering Department of Mechanical

Purdue University and Aerospace Engineering
West Lafayette, IN 47907 West Virginia University

Morgantown, W 26506

ABSTRACT

The first part of the paper attempts to evaluate critically the
existing soil constitutive relations and failure criteria based on the
theories of elasticity and plasticity. Three basic criteria have been
used for model evaluation:

(1) lheoretical evaluation of the models with respect to the
basic principles of continum mechanics to ascertain the
consistency with the theoretical requirements of continuity,
stability and iniqueness.

(2) Experimental evaluation of the mxlels with respect to their
suitability to fit experimental data from a variety of avail-
able tests, md the ease of the determination of the material
parmeters from standard test data.

(3) tmrical and computational evaluation of the models with

respect to the facility with which they can be implmented
in cmputer calculations. Particular emphasis here is placed
on the implementation in nonlinear increental finite element
couter codes for obtaining solutions of landslide problems
under general stress condition including monotonic as well
as cyclic loadings.

The second part of the paper sumarizes the applications of various
constitutive models to earthquake-induced landslides. More specifically,
the following thesis' work related to the NSF-Sonsored Research
(PFR-7809326 to Purdue University) will be briefly reported:

1. "Perfect Plasticity Upper Bound Limit Analysis of the Stability
of a Seismic-Infirmed Earthslope," by S.W. Chen, M.S. Thesis,
School of Mechanical Bagneering, August, 1980.

2. 'Qmtstitutive Models for Soils in Landslides," by A.F. Saleeb,
Ph.D. Thesis, School of Civil Engineering, My, 1981.

3. "Plasticity Modeling of Soils and Finite Elnent Applications,"
by E. MIzmo, Ph.D. Thesis, School of Civil Engineering,
December, 1981.

4. 'eimic Safety Aalysis of Slopes," by C.J. hang, Ph.D. hesis,
School of Civil Enginering, qk at, 1981.
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"Modelling of Stress-Induced Anisotropy in Soils"

Stein Sture

Department of Civil, Envirosnental, and Architectural Engineering, C.B. 428
University of Colorado, Boui.der

Boulder, Colorado 80309

The presentation addressee experimental and analytical issues related
to stress-induced anisotropy and rotating principal stress directions in
a soil mas subjeceted to nouproportional, reversed, and cyclic loading.
The influence of these factors on earth messes and structural rewponse
behavior is discussed.

Streso-induced stiffness anisotropy In soils is only revealed when
the principal stress direction& change vith respect to the material fabric
or structure. Conventional and, most current experimental devices are un-
able to carry out such loading and allow measurements of response without
resorting to stuplified techniques that may disturb the stress-iduced
changes. Roever, recent advances In experimental techniques aske, it poss-
ible to improve our understanding of mechanical behavior of soils that are
subj ected to such comple forms of loading. It has been demonstrated that
when soils are loaded by uniform and controlled stress states, which in
turn are subjeacted to controlled rotations, s for eml* performed in
directional shear cells, multaxLIl cubical, aperts that allo jum
rotations, and hollsw cylinder trismial-togesm apparatusess, significant
changes in stiffness moduli occur. The principal mduli are of ten reduc-
ad ammy orders of magnitude. dozing such loading. For these reasons stress-
induced anisotropy and rotations of the principal stress directions have
become Important concerns In gootechnical contitutive modeling and analy-
sis. Modernsrw-tnimsrnt models based on isotropic elastic-
plastic hardening merged with kuutle plastic concepts, are in prinaiple
capable of aiinlating thuse behavioral features. Xxermmstally obtained
isfozustIon about otmas-Indesed amisetzmp, Is Ideally' suited far calib-
rating anisotropic constitutive modue, and It cam als be used to test
or validate the performne of theme models for load histories that are
different from those used. darng model calibration. Although amisetropic
mdels am* exprected to stoulate respume behvior under arbitrary londing

eens noe realustienlly than loo.apc modue, neither model category
raqudres explicit Input intormation that charseteime the alterstiow
taking place, w~ms the principal stress directions rotate. The kinematic

* rule which reflects changes. in the soil fabric due to mIdued auleatrewy
are utilized for salatImS mdificstions in mdli. It is abon that
cime-tionel formulations, so be' imuicien meams for achieving the

significant changes observed in the laboratory.
The theory and Implementation of an anisotropic elasto-plastic con-

titutive model of the Mtes-Ivsm-Frmwet typ. Is discussed. Espertanstal.
teat results for dry Leigheom uzzard sand In comression and extenion
are coped to anslytimt. simulation.
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STRENGTH COFONENTS OF GRAEULAR ASSbLIES

Leo Rothenburg

Golder Associates, 3151 Wharton Way, Missiseauga, Ontario, Canada, lAX 2S6

Much work on physical strength components of cohesionless soils is
related to attempts to correlate the macroscopic angle of Internal friction.
# rith the angle of Interparticle friction (# ). A ntmber of theories that
Mate these parameters and assert that no shearng resistance can exist

without interparticle friction (# - 0) are reviewed in (ref. 1) in light of
recent experimental evidence showtng no # , # correlation.

According to the following micromechKical'analyss of plane assemblies,
non-vanishing shearing strength of a granular mas with * - 0 can be
attributed to icrostructural anisotropy induced during slearing deformation.

Consider a large assembly of equal size discs (diameter d ) under a
uniform state of stress O (understood in the micromechaica xsense, ref.2)
and expressed in terms ofqiicroscopic characteristics as follows

a'.-7 1f,9 )n(9) +-t9t()Xr)INM
where ( t0), rf6) are average normal and tangential force components over
contacts with orientation 6; (O) is a contact orientation dtstrbusato
equal to 1/2w for Isotropic assemblies; p - packing fraction and y - average
co-ordination number.

Due to symetry 8+0w functions in (1) can be decomposed into Fourier
series with even components. Noting from the form of (1) that Fourier
components of the order higher than the second will not contribute to o'
it is convenient to neglect , ( * - 0 ) and approximate the remi
as follows I

S(e) - [I + aoos2(e-,) . f () -f1[ + o8o (-?
The first of the abo'A defines anisotxropic diftributin of €ntact
orientations with preferred direction 6 and parameter of anisotropy a.
Average normal forces are direction-dependent with the overall magnitude f

For a system with specified microstructure (a. S) and prescribed loals
(o ) parameters defining average contact forces (J_.a 8 ) can be obtained
frod9three equations (1). General expressions are so=eat involved but
when the principal direction of a' coincides with the direction of
anisotropy, the following relationMlip Is recovered for small anisotropies

"in (.i/o - 0.5 (a + a,)
where o , oa re hyresuatie and deviatoic invariant of a' and is
referravltot as "mobilized angle of frIction".

The above relationship shove that coheaslonless assemblies can resist
deviatoric loads by developing anisotropic structure and allowing directional
variation of average contact forces

1. Bishop, A.W. (1971) Shear strength parameters for undisturbed and remolded
soil specimens. Stee-strain Behaviov of Spit. Roscoe 1emorial
Symposium, Cash. G.T. Fouls, Renley-on-Thams , pp. 3-56

2. Rothenburg, L. and Selvadural. A.F.S. (2981) A nicrom chanical definition
of the Cauchy stress tensor for particulate media. Stw$ie, in Appliod
Neohkma #a 5. Mechanics of Structured Media. !lsevier, Amsterdam,
pp.469-466
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Now Evolutionary Squations for Fluctuatione
to Rapid Granular flows

G. Aimadi and M. Shahinpoor
Department of Mechanical and Industrial Engineering

Clarkson Colleg of Technology
Potsdam. N.Y., 13676. USA

Abstract

Motivated by the molecular kinetic theory of den fluids a rapid
flow of a large numbet of equal hard spheres in a bounded domain of 3-1
Euclidean space Is modeled statistically. TA doing this a special
version of the Boltmann equation with nonanishing collision operator
is considered. Having derived the statistical field equations the UK
or the Krookts approximation is applied to the collision operator to
arrive at a desired probability distribution function. In particular
an equation is derived for the production and diffusion of random fluc-
tuation energy. Furthermore, two explicit expressions are given for the
stress tenaor as well as the flux vector of random fluctuation energy.
The derived expressions not only involve the random fluctuation energy
but also its time rate of change. These governing equations which form
a complete set am applied to two prolems Involving rapid granular
flowm; one a plane coetim flow mnd the other a simple gravity flow dom
an Inclined plane. The solutiona, thus obtained. agre with the know
reselts and, f rther. amble one to derive sopmalms relating the root
ureas squae of randem velocity fluctuations, the bulk density, and the
sher rate.

I - Amsdi, G. sad 3. shIapoor. "A Kinetic Thos for Rapid Grnlar
news and svlstima of n uesumtis," M-M Omulac Meatrials
eerc Labosetoup, lea Isa. no. 7, uh. l (iM).

2 - Ohiinpee, M. amd Q. h*mad. * -iimtuagle iLv lbrium in Rpid now
of Gramlar Nuoriale," (is pre"), (1S2).
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NATHEKATICAL C~HAACMEIZATION OF
THE CHMICAI. BEHAVIOR OF A

SOUTR FLORIDIAN SOIL

Ian-Nil V. Won$, Dipanker DeSgupta,
Subrata Sengupta, Nelsorn Semerow

University of Mini
Coral Gables, Florida

Various factors govern the transport of heavy metal
pollutants In saturated mil. The key mechAinims which govern
the interaction of saturated soil with the liquid pollutant
Include convection, diffusion, biological and chemical trans-
formation, chemical adsorption or desorption, and precipitation.
Chemical adsorption is modelled by an equation describing the
dependency of the sorbed concentrated on the solution concen-
tration. The adsorption equation used Is the Laniuuir equation.

K I12 Y

B 11Y

where B - pollutant concentration In the soil
y - pollutant concentration ts the liquid phase

11,12 - Laugmuir -equations-,

The present paper deals with batch experimental studies which
model the chemical Interaction between the soil sad the liquid
pollutant phase over a wide concentration range. The aperi-
mental. results for the Interaction of Ulladale f ine sand (a
soil found In South Florida) and three cations, copper, iron and
zinc, are presented. Vram these experimental results. the
Langair coefficients, Ki and 1 2 are evaluated f or each of the
cat ions.

These coefficient are then used f or modelling purposes in
the one dimenslooml Lmngmuir transport equation:

3C~~ ~ ~ 31 0 s 3t + V 3r -4as2 (1-0)1+aC t

where *- porosity; C - concentration of pollutant In the
liquid phase

D - dif fusion coeff icient ; t - time

w - convective velocity; a - spac coordinate
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THE NON-LINEAR MECHANICS OF STALL
FLUTTER OSCILLATIONS

Maurice I. Young
Department of Mechanical and Aerospace Engineering

University of Delaware
Newark, Delaware 19711, U.S.A.

Abstract

Stall flutter oscillations of propeller blades and
similar structures are self-limiting, limit cycle tor-
sional instabilities. Although boundary layer separa-
tions and the unsteady aerodynamics are clearly the
dominant and controlling effects1 a mechanical-mathe-
matical mQdelbased on the concept of a switching servo-
mechanism in proposed. In this model the linear and
non-linear domains of the aerodynamic pitch damping of
the torsional oscillations are represented, together
with their hysteresis, aerodynamic angle of attack and
angle of attack rate of change sensitivities and the
high incidence self-limiting features. The model is
seen to have the analytical flexibility to correctly
predict the occurence of damped linear type torsional
oscillations below the needed threshold conditions,
and onset of self-limitina torsional limit cycle
oscillations when the threshold conditions are exceeded. I
It is also seen that the tendency of the limit cycle
oscillations to occur at the blade fundamental tor-
sional natural frequency3 is also correctly modelled.

IC.T. Tran and D. Petot, "Semi-Empirical Model for the
Dynamic Stall of Airfoils," Vertica, Vol. 5, No. 1,
1981, pp. 35-53.

2 Irmgard Flugge-Lots, ODiscontinuous and Optimal Con-
trol," McGraw Hill, Inc., 1968, pp. 7-80.

3 Maurice I. Young and Norman D. Ham, "Torsional
Oscillations of Helicopter Blades Due to Stall,
Journal of Aircraft, May-June, 1966.
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Differential Eqation, with nopriod~c Solutions

Deals Slackacre
Dpar~et of Nathemstiqs
Nw Jrmy Iastituts. Of Technology
usuark, NJ 07102

lot m X (30 be a Sfe talequation of ClasI

W-1l) a the 3-inpbese a~ the SeLfart aasacture

statamtbf the mulIaleqat s mt he"s a

Periodla solastsm in P. Ugatusr t ir a ounter-

4am111l.od to 11 -1sA anne se spo. By uing

a wmaatat a ftmO M~sum (as asmpe of

a loal flow as a mun eW., Pag. Aa. Muth. Sm. 42,

1974) we obtsia sm.a w fIlite UZI. On

t - - - - ~------------ -- - --
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Tro-Dinensional Interior Solutions of the wavier-Stokes
Equation In Terms of Analytic Functions

Van-Lee Yin
School of Engineering Science end Nechanics

Georgia institute of Technology
Atlanta. Georgia 4

ABSTRACT

Considered as a-function of x - x + iy, z-x - iy and t, the stram

function U in -n unsteady plane flow of en incompress ible viscous fluid

is governed by the equation

IisCLUzi - 4iV Usti-4 Us U;~j- 0

Thiose solutions of Sq. (1) which wre representable in the form

U - as I i iy1 (smt + 9*(s,t) 3 , (2)

where goand 1 are anlytic functions of a. ferm a clams that includes

irrotaticnal flow, constant vorticity flow and circulation-preserviug

flow ("universal solutions"). New enact solutions of the wavier-Stokes

equation can be obtained by aes of the more general representation

Substitution of (3) into (1) yields an equation of the Uorm (m > N)

wher aft ar 090 VXzo~~3 st) 0 0 (4)

Mbre9an aeanalytic functions formed from f#y,
B ipy/Bt. Weprowve a (4) holds if mW only If

91 (att) -f C AMt (390) 9 (5)

b-1

where the coefficients C ik form a Uemitian metcin (Gilt ki) - a
system (5) consists of n second order gjajM differential equations in
the cmplex variable a for the X analytic functions .. 9 with appre-
priate coefficients Ci, (t) this over-determined system of equatisie admits

solutions. Applying the method. to the representation (2), we deterwism the

comlete class of plane universal solutions of Neier-ftohes fluids.

A~t
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aIVMU OF A PSZOD-ATK DIUIRTIAL hIW&TIOU
AND OF uIGINiOii DOMM VALUE PRO="

J. 1. Posts* and R. E. Fettlse

Latzko (1) derived and solved approxinately a boundary value
problow for beat transfeor In a futly devloped turbulent flow in a
circular tube. fettle (2) displayed a way to apprmftate the, elgun-
values and aiefuuctims by treating the Latubo probi.. as ueL~bor-
lag to a bypergomtric differential equation satisfied by Jacobi

polyamias. 7he 'atek probimn Is
d ((-z 7 ) + aly7 - 0. Y(O) -0, 70l) . finite.i

7Me neighboring problen Is

d 7^ + ~X3 _ 0. y(0) _ 0. y(1) . finite.

It is. found that the one-prmate claws of uiborbugproblema

also Is solved by Jacobi polynomials, and the two-pamater pends
Latsko differential. equation, is

con be associated witb finiteness of "y' l) - tW(l). Rismnvala for
A and elessfumetions wre found as explicit foralow, for tefirst tue
oanditim;s thu distribution of eigsnotss to foun for the third)

case and appiroulasta nothao for their calculation ame give.

(1) elt Vr*Aw7. p-, w'4, vithi y(G) - 0 (lawtust).

(3 p7 =2 ates() (Insulaedwal).

lb salorsigunvaluss auee very welwt sc ulnhdvles as
exsand w' > Ains oe.U a*V" ofx that wpnare

an order of anitude ~utrthan creodgW10)
1. a. Inake, ' D!s Meguu an elawn todtto Flisighsts-edur

asesatr - N , 1. p. 269-M 19)2. a. a. Fettle, Oft the1soameo La oa feential
"nation," ZimE, 37, P.M-" MY

00t. of Wk., * Ihverelty ofS renNwOlas A M014

"IM Csli., Apt. W, Muti le., California 9404
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Department of Mook"asl and Aerospace EwMagseriag
state Velwraity of New York at Sulfateo

Suffalo. New York 14260

This work presents a necessary ad suff icient seaditiou. for a gesoal
liaest dysamie system to become sacouplod by a modal ttasormat iou. The
systems eoma Adoed hee awe those that asa be modeled by

whet. A.2 s&d C are assquiare matrices and a Is ea a-vector of Seiscalizod
coordinate*. Caughey ead @'Kelly (13 have shows that it AB ad C are symmetric
&ad positive definite. thou a Mae*essat sad suffitieat oeadition for (1) toI
possess classical morsel mae* ic that 3LfC - CC L Ibis cndition Insures

- -- that the modal matrix ssoceiated with the stiffaness uattiz C deouples the
eation of motien (1). Rayleigh er propettional damping provides as example of
a class of systems which somplec under the modal attiz: trasformation. Ths
results of [I] ate goseralised here to systems whish are met seessatily
symetrio.

A result is protested for a subelass of systoe descrtibed by (1) sush that
(A) A71 exists amd (Hi) A713 sad A7IC have ceal sigenvals and a complete set
of ei oavetotc. Tsasey (21. has shows that euditiam (it) helds if and enly

if CIS ad A71C my be fac toted late the produet of two symmetric mattices oe
of which Is positive defiaite. It has been. shown is [31 that under this

wher. 21. 82 sad T2 are symetric sad S is positive definite. Vader this

I Csahey, T.K. ad Olelly. NJ. *"Classical Normal Modes is Damped
List Pyamie Systems$' loesd of Applied Rechemiss. Tol. 52. pp. 558-
568 1965.

121 Tasaey. 0., "Positive ftfiaitc Nstrioos sd Their Selo in the Study of
the shrootetistie Boots of Gemeral Matrices". Advances is Mathematics. 2.
175-16 lI9S.

Eli Issas. B.Z.. "Laubda Ustries with Asymmetric Ceeffioist with
Appliestios to Vibration, Problems". S$AK Coafeooat Applied Linear
Algebra. Sayloigh, NW. April 1M5.
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Deartgmentat of Uebmioal me Asesepoo hsMosi
* PSte Poseetty7 of Us.- TM&k at Sa tale,

Thisa or voet mt 0ean aftU. tut wouttfam tot Omeb of tIf t00P~ceZ
sutisw of a" -m utatuse sme~omm alftem to be dwow oftl att@046

71m systems omssideveag thems On MV deowied Vy te tollewift Partial 4#
Eiterestua e'softiet:

(I), t(a.t) + List(s.t0 + [ 2 %v6 0 - 0 In

whore (I) Wt) ludiestga pmetic! &jiftrVWosto With Veapeet to tb* tiSe t.
(if) a to a %remadad. apo& zeptom of so. aml.2.1. with bewiavy as. (III) LI and

sL2 a"eal 18se Spatial dttteresi egeestare. Whish sew melt adjoist e
Psitive. seftfta, (wits wmpost to Boom.) wea (iv) a is a limpor efstee vhf oh
cofloete the bewso eoitteoft 110k Oaddioost Sessarts, the system (1)
oem adequately doeo vibeaft peee related to domped vbas. plates,
shells. *te. mot the oettt my be weitte Is' the form

where #1(s) a"-sew eomto sot ot fuastlonw. rv we. chw is Ill that it in
additiou to thatss ompususs., L1 - L2 bows omev reewvmwte ad somutOe
ou a aecetsa doom is. them . euiliatevy matsm of eavh of the temporal
turntie.. sift) is doeundo&V doo, donfloose or ow pewe "LaL &Ofnued,
os the am eoain". The ~w- posoea wu oatonde to. eolt to syetwe-

hihdo an aseidfp tv oemmuivttp aefnief

TIs* wook is wor empsmoso a ft w9 1* 111 to mvr , "*a~epts-~
me. method of grsew wee d~am Mps em ftter stawotmtiem to (2.) a me ~ V4

*empaed to the mothsC s", ist [2) ad Car eitd piois is ths, otwot

I~~~~~~~~~ ~ ~ ~ ~ ~ ~ ...ou* -tsdow v iItshote tlt fM ew

III mmu. M. ad. ~kw, &. . M aw t wTmoa Sleim

ve* Fosbet" ieW1 IMG ~ fet gs-i
logo"~~~-- or-140 sa

12 ebe 4 m tw b,"kto 6vo o itt:Um



Random Normed Spaces

Troy L. Hicks

University of Missouri-Rolla

ABSTRACT: For a random normed space, we have a linear

space X and, for each x in X, we associate a distribution

function Fx (instead of a real number lixj ) with x. The

collection of distribution functions {F X ) are required to

satisfy axioms modeled after the norm conditions for a

normed linear space. We simplify the origin system of

axioms given by Serstnev in 1963. Necessary and sufficient

conditions for a random normed space to be a (metrizable)

topological linear space will be given. A new structure,

called a random H-space, will be introduced. It will be

shown that they coincide with the retrizable topological

linear spaces.
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L-SAK FORULATION Or TUE SCATTERING PROBLEM
IN THE TIM DOMIN FOR VR LAG PROBLEMU

Norbert N. lojaraki
16 Pine Valley Lam

Neport Beach, California 92660

The arbitrary direct scattering problem is solved
nmerically in cloaed form In the time domain and spatial
Fourier tranform spae. This solut ion consists of casting
the aeneral baaic -lobal law (io.. the second order partial
differential wave equation or Its integral representation) as
a local algebraic equation in the spatial Fourier transform
space, and leaving the specific local constitutive equations
(i.e., the algebraic boundary condit ion, which specify a given
structure, which are convetionally Impesed on the differential
or integral representation of the general basic global save
equation( an a local algebraic equsation in real space, thereby
reducing the scattering problem to a statement of two simul-
taneous local algebraic equation in two unknos (the fields
and the Induead sources) in too spaces coinnected by the spatial
Fourier transfom. By virtue of causalty, a numerically efficient
closed form solution to this set of equations io obtained that
utilixee the fast Fouier tramieem algerithm as the transforms-
tioes between the twe spaces. &I virtue of the anmericaily
efficint fast Yeurier trumftom algorithm and the local algebraic
representatin, the numer of required comles multiply-add
opeations and storre allaetise is of the order of Wtog2N and
Wf per tempral Ideecretise respectively (where N is then numer
of spatial cellam ntwich the scattering problem is descretized).
It Is seme thea the stion in only of the order of low, s$owe
them an Ideal selutige. The solution is thee practical for very
Iawo ome, tw, and thaee dimesnalem scattering probems.

1-ie-Imtal, results fee wery large two dimmuional

puhlm m prneatd ciintoaphANAy



IMUMS ON COCT SIGNIFICANT DIGITS AMI NONLINEAR EQUATIONS

Prof. Dr. Dalcidio Horses Claudio
Curso de Pas-Graduagio as Cincia da Coamputagio
Av. Osvaldo Aramha, 9
90.000 - Porto Alegre - RS - Brasil

During the past two decades, several new algorithms
based on the theory of interval mathematics have been
developed, having in R.E. MOORE on of its precursors.

This work makes use of the same philisophy wich
orients the interval methods, but does not make use its
arithmetic.

The metod that will be developed, from now on

called Hybrid Interval Method (HIM) consist of:

i) Let f be a function that is twice differentiable on some
interval X("l) containing a zero point x*. Let f be
strictly increasing or decreasing and convex or concave
on x(-l

ii) Computer an initial approximation x-1 with exact
significant Digits - DIGS& (x.l) - K I t-2 from real
methods, were t is the number of the computer digits.

iii) Convert the punctual inJ 8 5val [x.. 1 ;x. 1 from ii) intothe
interval xwith K-f(DIGSE) and V.A the
directed rounding.

iv) The interval process begins with X(0 ) to obtain two new

jpoints in X(o) from the utilization of two methods NI and
M2 (Modified Newton and Modified Regula ?alsi).

v) The directed rounding is applicated to the obtained in-
terval. now with X a t or K-a t-1, and we have X(l) C X(O)

vi) Repeat* iv) and v) until the exactness cannot be ihroved
any more.

The RIK is compared with soma existing methods in

the literature. It presents the following advantages in the
case of functions considered in this papers.

HIM x Fized Point Method8

The RIM Methods presents the same advantages as
the interval methods. We obtain a method that is always co4
vergent and provides directly the error bounds. 4

HIK x Interval methods

The times are compared, to obtain same given
exactness, with the methods suggested by Alefeld, and
grawczyk, end we verity that HIM is always faster and as
simple to apply as the others.

According to the research perfermad, the RI show
us enough promissing and it seems to us that in the future
we will be able to extend this theory to new mathematical
methods.
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HOMOGENEOUS STRUCTURES IN ENGINEERING SCIENCES

Victor Aladyev
All-Union Project-Technological Institute

Tallinn, Estonian SSR, USSR

The homogeneous structure (HS) is a formalization of the concept of an
infinite regular array of identical finite-state machines uniformly inter-
connected in the sense that each machine can directly receive information
by means of interconnecting wires from a finite number of neighboring
machines. Each machine can synchronously change its state at discrete
time steps as a function of the states of the neighboring machines. This
function can change from time step to time step, but will be identifical
for each machine in the array at any given time step. The simultaneous
action of these local functions will define global functions which will
act on the entire array changing configurations of machine states in the
array to other configurations.

Such models have been applied in such diverse areas as pattern recog-
nition, parallel computing systems, development theories, adaptive systems,
parallel processing and parallel algorithms, chemistry, physics, crystal-
lography and so on 11,2]. HS can serve as the basis for modelling of many
discrete processes, and the mathematical theory of HS has become each year
more and more fruitful and popular [2,31. Survey of the general directions
of the theory of HS and their applications in connection with engineering
sciences is presented in the present paper.

At the present there are enough reasons for the further development of
the concept of HS. Indeed, many important phenomena such as reliability,
probability and so on in the above-mentioned areas cannot obtain satis-
factory description in terms of the classical concept of RS. Because the
concept of HS mast be very extensive [2]. It admits a nuer of essential
deviations from classical concept. A number of generalizations of this
concept are discussed.

A number of interesting properties of crystals can be studied with the
aid of HS. Another application of a theory of HS is the study of n'merl-
cal solutions of the partial differential and difference equations In the
parallel manner. HS can serve as som mathematical model of the physical
universe or, in particular, as some universe of modern theoretical physics.
Models of parallel processing on the basic of US allow to create data
processing systems and control system of high effectiveness up to aystemt
with direct economical effect 13,41. Much of work in RS has been motivated
by the growing interest in modelling of discrete systems and parallel
computing technique [2-4 ).

There are other area in engineering wherse HS are applied. More detail
discussion of these results is beyond the scope of the present paper. I
hope that this work will help to clear up general aspects of the mathe-
matical theory of HS and their applications in engineering sciences.

1. Aladyev V.Z., Survey of research in the theory of homogeneous structures
and their applications, Math. Biosci., 1974, vol.22, 121-154.

2. Aladyev V.Z., Mathematical Theory of Homogeneous Structures and Their
Applications, Valgus Press, Tallinn, 190.

3. Parallel Processing and Parallel Algorithm, Vol.1 (.d.V.Z.Aladyev),
Valgus Press, Tallim, 1981.

4. Parallel Processing and Parallel Algorithm, Vol. 2 (ed.V.Z.Aladyev).
Valgus Press, Tallin, 1982.
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Chairperson: E. A. SAIBEL, U. S. Army Research Office

Co-Chairperson: T. R. CHANDRUPATLA, General Motors
Institute

* 9:30- 10:00 W.R.D. WILSON, Northwestern University:

"Mathematical Modeling of Lubricatioa in Metal Forming

Processes"

* 10:00 - 10:30 T. R. CHANDRUPATLA, General Motors Institute:

"Strain Measurement in Sheet Metal Forming"

10:30 - 11:00 COFFEE BREAK

11:00 - 11:15 R. SOWERBY and P. C. CHAKRAVARTI, McMaster University:

"Grid Strain Analysis in Sheet Metal Forming"

11:15 - 11:30 P. R. DAWSON, Cornell University:
"Strain Distributions in Hot Rolling"

11:30 -.11:45 N. L. DUNG, Universitit Hanover, W. Germany:

"Finite Element Analysis of Forging of Turbine Blades"

11:45 - 12:00 J. ETAY and M. GARNIER, CHRS-GIS Madylam, France:

"Electromagnetic Processes for Controlling Molten
Metal Free Surfaces"

12:00 - 12:15 S. N. DWIVEDI, The University of North Carolina:

"Application of Industrial Robots in Metalforming"

12:15 - 12:30 Y. EL-KARAMANY, Machine Tool Developing Institute,

Halasatelek, Hungary:
"Optimum Machining Variables in Turning Long
Workpieces"
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Mathematical Modeling of Lubrication In Metal Forming Processes

by

W. R. D. Wilson, Professor
Mechanical and Nuclear Engineering Department

Northwestern University
Evanston, Illinois 60201

Abstract

In most metal forming processes extremely severe tribological conditions
with high pressures, sliding, surface deformation and often high temperatures
make effective lubrication of the workpiece tooling Interface essential to
economic viability. A wide variety of different liquid and solid lubricant
compositions are used but they all have the primary functions of preventing
direct metal-to-setal contact which can result in workpiece material adhering
to the tooling with consequent damage to the product and the necessity of
replacing or refurbishing the tooling. Lubricants also decrease friction
betweem the wrkpiece and tooling, reducing force and energy requirements and
avoiding residual stresses and defects in the product by promoting more
homogeneous deformation. Tooling life Is extended, not only by the reduction
in stresses due to lowered forces but also by the lubricant film reducing wear
and acting as a thermal insulating shield between the tooling and a hotI : workplace.

A variety of different lubrication regimes can be associated with a given 3

process. In each regime different physical and chemical factors control
lubrication. Different regimes can occur 4s a result of changes in lubricant
and workpiece properties, forming speed, temperature, process geometry or
workpiece or tooling roughness. Furthermore, several different regimes can
co-exist at different locations in the workpLece-tooling Interfse or succeed
one another at different stages in the proceas.

Most of the mathematical modeling of lubrication has dealt with full film
regimes in which the surfaces are separated by a continuous film of lubricant
which has a mean thickness of at least three times the I= roughness of the
surfaces involved and is large compared with the lubricant molecular slse.
This allows the lubricant film to be treated using the methods of continum
mechanics. Bach analyses are useful not only for detailed modeling of full
film regimme but also in defining the rane of conditions under which full
film are possible and thus implying which regime is present in a particular
situation.

The various mechrnlsme by which full flums are formed and subsequently
transported and break down will be discussed in detail for both liquid and
solid lubricants. The influence of lubricant and workpiece properties and
processing geometry on frictional conditions and the Implications of these on
choosing methods of characterisimg fietioes In metal forming models and
screening tests for lubricant effectiveaess will alse be analysed.
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4.I STRAIN MEASUREMENT IN SHEET METAL FORMING

Tirupathi R. Chandrupatla

GMI Engineering and Management Institute

Flint, 111 48502

ABSTRACT

Circle grids are widely used in measuring strain In

sheet metal deformation processes. The use of circle

grids In the development of forming limit diagrams Is

surveyed. Application of other grid geometries Is

explored.
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GRID STRAIN ANALYSIS IN SHEET METAL FORMING
by

*R. Sowerby and V9. C. Cbakrevarti
*Faculty of Engineering and tFaculty of Science
Mc~aster thiVersity
Hamilton, Ontario, Canada

While the principles of grid strain analysis ame well known, it is
often not appreciated that the technique relies on the assumption of
h2!2ots deformation. This deformatiosi mode converts straight lines

fo staigh lin s quares to parallelogiws circles to ellipses, etc.,
but it is unlikely to exist ovr the entire surface of a deformed part.
In many sheet metal stampings, both the plastic strains and the strain
gradients are small over much of the surface and initially square or
circular grids do appear to have been deformed into parallelograms or
ellipses. if a deformed square has the appearance of a curvilinear
quadrilateral, then homogeneous deformation has not taken place through-
out that particular domain. Smaller initial grids could be employed in
order to reduce the domain of inspection, but the measurement of very
fine grids of lines, dots or circles is both tedious and sub~ject to
large error.

The question arises as to the rpentative (or puiva~ent) strain
accuulated following some homogens efrmthionlpath.Ii7t trspfeS
that~ thninimam equivalent strain is accumulatd when'the deformation
takes place by Pur homn sdformation. In the latter mode, a pair

remain orthogonal throughout the deformatio and hence tprncipal

strains, and their orientation, ad the representative strain can be
end total principal strains cannot be idtfe nSWpoess n
objective of the present work is to evaluate the-rpeettv stei
for finite -dfrmta processe. Atc qehsbe
established whrby ime representative strain can be computed from mea-
surements mae on the final deformed grid, &setdng that the straining

ph Is kam and that the same me& persists fromn beginning to end.
Although ci rcles; have been the imost widely -applied grid patforn , Lan

array of dots, squares or rectangles is mo-ve convenient -for digitizing,
the pea ittmn of -1he d4ots or *ae vertices of a squatre co be-mitored -by
amns of inj teal r danal er. If only the vertices of a square are

being of genrality,,the starting grid could
be an array of perall.)grm or same other suitably shaped quadri laterals.

If the initial dfia shpe of agrid is known.but not the do-
forAMtOn Path, the Only- eCOMe is to aSsaN RUMe hmogeneo00US deforma-
tion in order toglet saeestlit of the strains.

EFERENCES

L1 a Sawarby, E. Chu and J. L. &mm.n *The Determination of Large
Streins iniltalforung' to appear J. Strain Analysis.
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Strain Distributions in Not Rolling

Paul R. Dhwson
Sibley School of Mechanical and Aerospace Engineering

Cornell University

Aluminum and steel alloys frequently are rolled in either the hot
or wars working temperature regime in the early stages of processing.
Deformations are large and the temperature changes result from dissi-
pative heating as veil as from heat losses to the surroundings. The
thermomechanical histories of points throughout the workpiece, there-
fore, exhibit changing rates of deformation, strains, stresses and
temperatures. Further, in some regimes of deformation rate and temper-
ature, microstructural defects accumulate and contribute to hardening
or softening of the flow properties. In this presentation, the
essential features of a viscoplastic formulation for modeling the
inelastic flow of metals during primary forming processes is eumarized.
The methodology for integrating the strains experienced by material
particles as they traverse a computational mesh that is fixed in space
is also reviewed. The central emphasis focuses on the application of
the modeling to the rolling of flat slabs. The effect of various
assumptions relative to the traction vectors and heat flux transmitted
across the slab/rollar interface are examined. In particular, the
changes in the predicted free surface position, the internal strain I
field, and the temperature distribution are shown for sticking and
slipping friction.

-3
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FINITEi 5U1IN ANALYSIS OF FORING
OF TURBINE BLADES

Nguyen Luong Doung+
Department of Mechaical Engineering
Mclaster University, eilton, Ontario, Canada L&S 4L7

Energy conversion equipment such as ste*= and gas turbines require large
number of forged blades. In order to manufacture these blades in large.
numbers and with a high degree of geometrical accuracy the forging process
mast be carefully controlled and well understood. Methods of analysis are
required which will determine forging loads, details of material flow and
the diatribution of tooling or contact stresses throughout the process.

Various previous investigations haes dealt with plane strain forging of
circular rods; for exmle LEE and FMY*TSKI (1971) presented calculations
for side pressing of circular rods between flat dies. A.KSEDV at al (1975)
studied the unsteady process of blade forging both experimentally and theo-
retically; slip-line field analysis and nuerical integration techniques
were used to determine contact stresses and forging loads during deformation.
Computer. program based on elementary theory hame been developed by AECENIAN
and ALTMI (1976) as a computer-aid in tool and process design. Moet of these
theories predicted load sad contact stresses satisfactorily but did not
reveal adequate information on the geometry of metal flow. Because of the
complicated die shape and the constantly changing thickness of material in
the deformation some it is difficult to mulyse the unsteady forging pro-
cesses except by using finite element methods such as those developed for
these problem by DUG (1961).

In this present paper, a simplified finite element method ise Ueed to
analyse forging a blade from a rigid-plastic material. The method is based
on a modification of Mrhoy's principle in which incompressibility and fric-
tion at the boundary are added; use of linear elements end a simplified
integration technique for volum integral* leand to compiutational ecanomy.
The unsteady process is analysed in a step-by-step memmer using a resoning
procedure where necessary. The complete process from the initial circular
billet to the final forged blade is analysed.

* The finite element solutions a&ree well with the experimental results
of hUSAD airi the method develcoped can be used to determine contact stresses
and mterial flow during the wbole process. This provides a valuable
technique for the tool and process designer.

Forging of blade between
curved aaye trical dies

GW, N.L., Potscbert-ericby YDI -itaeriften Keihe 2 Nr.46 (1961).
AN , N. and LM, I., J. W*Mp. Fower 96(1976), pp. "D0-29.
ASSINO, L.3., CIMM*I, N.R. and IN K I V., lat. J. Mach. Sci. 17(1975),
pp. 691-91.
LEE, C.. sad NmATAMI, S., J. 1mpg. Industry 93(1971), pp. 44S-434.

* e leve f rom Institac fik Neehemik, vaiesitat 20over, P.R. Gummy
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ELECTROKAGIETIC PFOCSSES PeR CONTi0JLNG
)DLTN ZTAL FRE SU1ACES

J. Stay & M. Garmier
0618 - CIS MADYLAK - D.P. 53 X - 38041 - GUSNOSLE CZDEX

France

In industrial metallurgy, the contact between the molten metal and
the walls used to contain or to shape the metal is at the origin of ay
problems because of chemical contamination of the melt from the walls.
Moreover some rolling and reheating processes could be saved and the life
of moulds could be extended if this undesirable contact could be
suppressed. The possibility of Inducing electromagnetic forces in an
electrically conducting sedium without any contact between this medium
and any wall, by using alternating magnetic fields, brings solutions of
these problems because the wall can be suppressed and replaced by
magnetic field lioes.

We present some eamples of such electromagnetic devices which can be
used for flowrate regulation, guiding and shaping of liquid metal collmns
without having resort to any wall. These devices are experimented with
mercury in Grenoble.

In the electromagnetic device for molten metal confinement, a coil
surrounding the molten msetal column In provided with alternating currents
whose frequency imposes the skin depth to be equal to the radius of the
column. The effect of the magnetic field is to make the pressure in the
liquid to decrease and to accelerate the flow whose cross section has to
reduce. To a given intensity of the current in the coil corresponds a
given cross section. lawrate regulation is then achieved since it ispossible to control and to impose the section of a liquid metal flow

whose velocity is fixed by the height of metal above the constricted
section.

If a high frequency magnetic field configuration Is inposed by a
suitable inductor in which the magnetic field intensity is very weak
along a given line, a liquid metal colim initially falling near this
line will be flowing in such a way that its axis will be coincident
with this particular line. Magnetic guiding of molten metal flows can
be so achieved, as confirmed by experiments.

To obtain magnetic shaping horizontal high frequency ( 300 ma) fields
are Imposed by suitably disposed conductors parallel to the ax=is of the
metal colum. A strong skin effect excludes these fields from the liquid
and the equilibrium shape of the colow results from the competition
between the non-uniform magnetic pressure end the surface tension. Two
exples are presented:

- in the first one the non-uniform electromagnetic force Is Induced
by four parallel conductors generating a quadrupole field centered on
the a&is of the metal colum. The resulting section of the cobem Is
cruciform.

- In the second one, two coils generate a high frequency quail-ma-
directional field, perpendicular to the axls of the Initially circular
molten metal coluon: the electromagnetic forces toed to give a vry thin
ribbon shape to the Initially circular colum. libboms of several
centimeters wide, esaily obtained, are very stable under the effect of
the magnetic field end my be used to make inrphos metal ribbons.
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APILICAIM OF IUST3AL IDOS IN VITAL FORK=N

Dr. Surondrii N. Deivedi
TeUniversity of North Carolina at Mearlotte

Charlotte. North Carolina

This paper Is a cumujlation of study adresearch work dome to
answer the question of. "what contributions are robots making In the
industrial world in relationship to increasing the current level of
productivity" specifically In the field of metalfozming processes.

The various applications of Industrial robots in forging. powder.
MatiaTSIrwS. cu-focuing. stiging "Oachning, plastic welding have
been discussed. In sot of metalformiag processes loeding* unloading.
and lubricating cloee die* presses Is fatiguing, dirty and mnotonous
job. Robots are relieving -o from this tedious, hazardous job in
tough environments. Due to recent researches and the developments in
the field of robotics.* the capability of the robots are wall matched
to the loading ad unloading task. The reliability of the robots are
quite high. Robots are producing better quality products in metal-

frigprocesses. Considering the great demand of ujneaned factory

in the future. the role of robots. are very critical In mufacturing
paper on the basis of the authors' research and personal insight, the
sincere consideration has bean gives regarding the- future potential
application of the Industrial robots, in metalforuin process..

CITMM NKUM VAIABLES IN IM~~ J.OUGTMIM

ReearhiTOM KArMsny

NoHinge Tool Developift totitte
Salsatalek m"Bryj

The paper represets a method for computerized determination Of
* optimm cuttift variables on turning, macblues. The method takes Into

consiertin the varieties. of static stiffness of the siseekec
"ysan alon the worhiec a axs. The systos stiffness has grat Influence

on machining eamacy when cutting long workplaces LID , &-. Matheastical
models hsve ben derived and tested by nmeical examles solved on computer
by usin tbo gradient ustbod. The paper alse discussed the applicetIM of
this nethed through Adoptive Control System.

1. 'r. 3W-KAMM and F. PAPA!, Determination of Turing !bchine
pefone by Nonlinea Pmogring, Int. J. Mach. Tool Des.
use. ge.1,pp. 11 91

-276-

.2r
* J;



Session FM-5: PENALTY METHODS IN FINITE ELEMENTS

Organizer and Chairperson: T. M. WICKS. University of
Missouri-Rolla

Co-Chairperson: A. D. GUPTA, U.S. Army Ballistic
Research Laboratory

9:30 - 10:00 G. F. CAREY and M. UTKU, The Texas Institute for
Computational Mechanics:
"Penalty Methods for Inter-Element and Boundary
Constraints"

* 10:00 - 10:30 M. WHEELER, Rice University:

"Interior Penalty Methods for Immiscible Displacements"

10:30 - 11:00 COFFEE BREAK

* 11:00 - 11:30 N. KIKUCHI, University of Michigan:
"On An Exterior Penalty Method for Dual Variational
Principles"

* 11:30 - 12:00 M. ENGELMAN. CIRES, University of Colorado:
"Consistent vs. Reduced Integration Penalty
Methods for Incompressible Fluid Flows"
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PzU*LT IRTMIS FOIL IVKR-ILMNT
AND B(UMDA1T C(DSTRAUIT

G.F. Car"y and N. tkh
Tease uastitute for Computational Nechenica

We examinet the use of penalty methods fog enforcing constraints
across Iaterolesent boundaries and for satisfying essential boundary
conditions. In the former came, we are specifically interested in
the Nrmit. cubic triagle (Zienkiewicz triangle) for plate bending
problem. Thin element is Ima not to converge. By mama of the
penalty approach ve show that this element can now produce convergent
results. To achieve optimal remults, the penalty parmter Wiould
depend an mebsh ize h and the penalty term should be underintegrated
if a viable integral penalty farm is to hold. Similar lamexes cxn-

- - canning the chokce of penalty quadrature arite In connect ion with the
use of penalty methodm for treating esential boundary conditions.
We also show how the boundary penalty procedure permits us to
circumvent the Bebusha paradox dealing with polygonal approximat ion

of a simply supported plate.

References:

1. Carey, C. F., A. Kabaila and N. Utkaa: "On Penalty Methods for

3. Imebs, 1. - "Tb Finite £3et. MethodsaihPeat"
Rapt. No. IU-70, U. Iwd. 1971.

Ma fttamtty

(Abstract notselvale)
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On an Exterior Penalty Method
for

Dual Variational Principles

Noboru Kikuchi
Department of Mechanical Engineering

and Applied Mechanics

University of Michigan
Ann Arbor, MI 48109

Methods of exterior/interior penalty have been widely applied to
solve constrained problems in mechanics, since they can be physically
justified as Courant stated in his original paper on penalty methods in
1943.

In this article, we shall apply an exterior penalty method to
resolve the equilibrium equations in the dual principle in linear

elasticity. As shown in Taylor and Zienkiewicz, the exterior penalty
method works under certain restricted-choices of finite elements, but
it is very sensitive. We shall discuss this in connection with the
so-called LBB-condition that dominates the stability of the method
and the finite element approximation.

CONSISTENT VS. REDUCED INTEGRATION P"4ALTY
METHODS FOR INCOMPRESSIBLE FLUID FLOWS

Michael S. Engelman

CIRES/NOA
University of Colorado

Boulder, Colorado 80309

The penalty function approach to the fluid element simulation
of incompressible fluid flows has achieved widespread use in recent
years. The majority of practitioners employ "reduced Integration" to
evaluate the penalty matrix. A more general approach to the penalty
method Is to derive a "consistent" penalty matrix from the original
discretised equations. It will be shown that the reduced integration
approach is in fact a restricted subset of the consistent approach and
is, in general, more accurate. The consistent penalty method also
widens the set of elements that can be used with the penalty formulation.
Two large scale simulations will be presented to demonstrate the
effectiveness of the penalty method: a three-dimensional simulation of
the air flow in an aerosol centrifuge and the transi. ,t simulation of an
inpackage pasteurisation process. A motion picture of the transient
simulation will be shown.
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Session FM-6: BIGECHANICS

organizer and Chairperson: D. J. SCHNECK, Virginia
Polytechnic Institute and
State University

Co-Chairperson: 1. * LEPS * Wright-Patterson Air Force Base

*9:30 - 10:00 J. W. GRANT, Virginia Polytechnic Institute and State
University:
"Platelet Distribution in Platelet Rich Plas
Following Separation from Red Cells by Sedimentation"

*10:00 - 10:30 F. J. WALBURN, H. N. SABBAH and P. D. STEIN, Henry Ford
Hospital, Detroit:
"Characteristics of Flow in Branching Tubes"

10:30 - 11:00 COFFEE BREAK

*11:00 - 11:30 R. B. DAVIS and D. J. SaIJNECK, Virginia Polytechnic
Institute and State University:
"An Rxa- -%tion of the Hemodynamic Aspects of Coronary

11U:30 -12:00 A. S. POPEL and M. LEVIN, University of Houston:
"Fluid Mechanics of Stochastic tMicrovascular Networks"
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PLATELET DISTRIBUTION IN PLATELET RICH PLASMA
FOLLOWING SEPARATION FROM RED CELLS

BY SEDIMENTATION

J. Wallace Grant
Assistant Professor

Department of Engineering Science and Mechanics
Virginia Polytechnic Institute and State Uiversity

Blacksburg, Virginia 24061

In modern blood transfusion therapy a recipient is usually given
a bloo component instead of whole blood. The separation of blood in-
to components is accomplished in a centrifuge by the process of dif-
ferential sedimentation. An analytic model for predicting the concen-
tration distribution of platelets and red cells In the sedimentation
process can be developed from the continuity equation. When allowan-
ces are made for the concentration dependence of sedimentation, the
resulting governing equations are a set of two quasilinear, hyperbol-
ic, first order, partial differential equations. The solutions to
this set of equations can be found by the method of characteristics.
This method produces solutions, 'hich involve discontinuities which
propagate through the blood suspension. These discontinuities separ-
ate regions of constant concentration, and regions with concentration
gradients.

A solution for the distribution of platelets in the platelet rich
plasma layer above the red cell Interface gives a constant platelet
concentration region followed by a region of increasing concentration
gradient. Measurements of the actual concentration profiles in plate-
let rich plasma agree with the form of this solution. In all cases
the actual profiles do agree with the analytic solution. Rotor decel-
eration in the centrifuge seems to have a significant effect on the
results.

iI

-28l-



Characteristics of Flow in Branching Tubes

Frederick J. Walburn, Hani N. cabbah and Paul D. Stein

Departments of Medicine (Division of Cardiovascular edicine) and
Surgery, Henry Ford Hospital, Detroit, Michigan.

Clinical and pathologic observations reveal that atherosclerosis
occurs preferentially at specific sites, such as bifurcations.
Disturbances of fico. are also present at these sites. With this
realization, two fluid dynamic factors have been suggested to relate
to atherogenesis - mechanical damage by high shear stresses and mass
transfer in regions of low shear stresses. These apparently conflic-
ting theoriee may be different aspects of a more comprehensive
phenomenon - namely flow separation. The resulting wake region can
contain high and low shear areas which actually coexist spon-
taneously. It becomes important, therefore, to examine the character-
istics of flow in branching tubes in view of the possible role of
hemodynamics in arterial disease.

Laser Doppler aneameter studies were performed in symmetrically
branched glass tubes with branch-to-trxk area ratios and angles of
branching comparable to the aortic bifurcation in humans. During
equal branch flow, separation was not observed in any of the test
sections at Reynolds numbers ranging up to 1500. In one of these
branched tubes that had an area ratio of 0.8 and an angle of
branching of 70, velocity profiles in the branch near the vertex
were markedly skewed toward the inner wall. During the minimal phase
of the flow cycle, transient flow reversals were found along the
outer wall at mean Reynolds rmbers below 1000. The wall shear1 rate
during pe k flow along the inner wall ranged between 500 sec- and
1600 sec for Reynolds numbers of 500 - 1500. Nuing uneaual flow,
separation occurred in the partially occluded branch when the branch
flow was 8 to 14 percent of the total flow at Reynolds numbers of
1000 and 1500. Spiraling occurred in the branches whether flow in the
branches was equal or unequal.

Further studies have been performed in molds of normal and
atherosclerotic human aortic bifurcations. A laser Doppler anemo-
meter was used to measure the wall shear stress along the lateral
wall of a nornml human aortic bifurcatio2. During peak flow, the
aortic wall shear stress was 7.1 dynes/n . Closer to the vertex,
the aortic wall shear stress diminished and at 2 the vertex, the shear
stress along the lateral wall was 1.4 dynes/crn . Plw reversals also
occurred at this site. The wall shear stress increased further
downstream in the branch. Flow in a mold of an atherosclerotic hum
abdominal aorta and camon iliac arteries was studied by flow vinualt-
zation. Flow separation and transient flow reversals were found
distal to atherosclerotic plaques. Spiraling of flow occurred in
both branches downstrea., from the vertex.

&apported by NHLI grant HL25839-02
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AN EXARINATION OF THE NENOVIMUC _ASPETSOF COMMAY SPAMN
Davis, R.B., 111, and Schneck, 9.,).
Virginia Tech, Norris Nall, Blacksburg, Virginia 24061

Although the deth rate dume to c~rdiovscular disese is decli-siag,
this decrease Is due mre to t.chtw.qtl advences related to the *Orly
diagnosis and control of existing- diges. -ceeditions,:rather then to a
broader understandift of the basic disease proces itsoMf Thus, Muchwork remains tA ,be -den, iR this area particularly in. the study of care-
nary artery heq sinia and Its relationshv to a specific form of car-
diovascular oytunction, I.e.., cOMRTaY spMn -This saodde rapid corn-
striction of acorepavy aft"r Wasbee linkso dAirectly to the incidencea
of myocardial Infarctime. The recI[Imletinig flew ceefiguratien depicte
in Figure I has bee dwstpie4 to simulat pilhsal. flai throeugh the left
main coronary WtMr an O t ft.irSt,. t remhs The2 14ntide was c-
cowl ished -by macig d eimna noe-dt11mtin i tes(cha
Reynolds nhbar. unteed Amynolde t "~r and tube ~ Kgiits Amd geo-
metry) to c""Meldiaig 00s'~ C vribls ah *l"ttbao gr
terial model wos fabrioste in as acrylic aeld fuin ftw Caret SY6
184, a sil1icw-,boqe elpe 1teme. fluid eters the tes gCoaon tromlf bmiiVe11 iancrmAl S

leftbrach (he pft nahcev~aryertinV)L sham in Figuaret- 1 -as viee
from above., ad.eitbp flows lokmytly tothe owt clvcusfex breach
or continues straight ito. the anterior descendin branc. The slenlatspassm is am"qepisaed by Aply*"tg uitmawe f Ie to Va ter '"sl1 *011-
fae of the "S setIs theeeby "Gueuattng'r a WW pnaeaur grdieu M
the wall Sq.AsA he llape Owe W* Ftger 2 shkw ol cO vivos-
flex branch (6s vitead Axial ly tm the bs*it)wtkItar "Naeeat-~

vhese duiewla I *~~ espwlf sa det 4*sm. tAM"
thelood in, he ofn~e e**PI _Mmm tw vate, I"the t 41p

RI~eN Mam 0 its n~ sft A &~d s ofs "All" of *4
catee~ n ' ifbbahue t _la p* iep
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FRACTURE OF GRAPH ITE/POLYIDE COMPOSITES AT EXTREM4E
TEMPERATVES

D. H. Ibrris
Department of En Intertng Science'" "udbhmnics

Virgintam Polytechni 'bisttute a"d *ato a3~voksity
J1sirg, virginia 2401I

1bt1i~ and unnotched I &Minates 4are tested #t -250. IS.
and 601?. Ift lalfie consisted qf 01ifdn AMI fflb'rs in a
matrix of Mill- iWE UR1ftz polytll Elfttfi mi il and
fracture strengothswieetmne f **~t , /S/O/-4S]3
and [451OI-4iIO 5 fam "at*~lb 4n110 Sebiand tensile
Strength Of tie C, c *45If litt d0cfensd with 1n-
creasing tOeata". T WIeNU~ of iltetx 6I'tes'tl on themodulus and.$~ o~nf.Cs "trix d nte lite woseg

material o tfet.AsRf. ""Ivits.d4t t,~te~V"di
nated C0/4S/9OI_45]S 18at~i f u %gt~b

The ftacture strength of thcrOf45f~g-451.ftchad 1 amin-,
ate "IS tIe t 25 pi.ie
notched strength of ti'AI inato *4 Uo1 mtS the poinft
The ratio of notellied to oce Iuh.tal ly in.1
deodi of t ft *adp Ts trA
tre C~ "Ml~dq Wth t

behaviN' .00 the~e~
lie sal s edwh %wedklike ts. The di fferenc
in frt.to bdift40~ I1SW itft 4~ 1iitc* .
The fracture behavior bIhtlstiedIdW **no
be modeled using theiWo Oier1t~ criteria.
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ELASTIC CIESTANTS OF A UNIAXIA COOPOSITE

a. P. eu
LM CUPWLU

1631 9m, It AIto
E140. OR 1=4

Sevral Clow tom and 946 $"awm tout for Aoie * M OORtl~ of
offective dlamte ceastafts o a S cIoii ueto laTqr owv
for C~*a aCWPMft* mteses 415 P#"*'S *WAfd ft Uaf #V tOSe
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DT MUNATMC OF flACTUNK TOUGIUS5 Of COWOSl IIATILS

S. boeen..
Ustauel 3agIfering --

Indift Institute Of Tachmology
Samsy 400076, India

One of the major problom of the dtermination, of fracture toughness
of a composite material, Is the idmtifiatln of the load leVel at which
a instability, eqsivelast athe CMtart of Orack uxtemules In metals,
occurs in a composite material. Zoberent to the concept of fracture
toughuess, hm"Ver, Is. the asso that the stress Intenity factor at which
the Instability occurs in the material abld be indeeame at size and
Sstry of the test speclassw I* order to evolve a stsple but suitable
criterion for the Identification of the Instability ebb& Is eoasitest
with this axls, Cf and CT specimens with S3m thiahnese out of different-
widths ranging fra 23 to 23w hae w tested.

The macts~ Inwessigated Is a ph, psI sttend wat type glass fibre
reinforced plastic comosite wbare the crack proaegates In a self-.alis~r
-a aind the fracture Se~onaf In a smaxespin sae is Isotropic. The
composite has 20 percent glass fibre by volue and the sauti ts aralite.
The datemolutiaoe of -the fracture zenghase of smeb %ppe ef comosites is
Important aims. such composites are currently being considered for critical
load basrlag applications.

Loed VS. 100d-USS -AOA*leet test reseDs Were obtaamd to able
simultaneosa smesens of 4O*. Am"g psaafts Identifiled on the
test record - the ANN1 I33599 vale, taxwed am the swm
value o tIs tatst record, tormed a Zd; ad the vleof It at

it is observed that 1,ase the I vales vary sluititly

=few =rmnt in sob materials, The egrelm between, the
3,ed J, Is at daboalng is pood Indicating that a K-basd
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ACDUMYC ANALOGUS AND TU3318iCE

J.1. Mfoves Williams
Camridge Unilversity Engineering Department,

Trumpington Street, Cambridge. England

The mechanics by which sound evolves from unsteady boundaries andj
flw can be represented in acoustic analogies which provide a formal
structure for analyzing the process of sound creation. The acoustic
analogy of Llgthill has been the firmest foundation for modelling the
Jet noise problem. Studies of that problem haow gradually Increased In
sophistication and scope to a point where the analogy Itself has been
developed to display characteristics that ore novel and a little startling.
The early models regarded turbulence as proscribed and concentrated
purely on the acoustical consequences of that turbulence. but the more
advanced analogies recognize definite constraints on acoustically
Important elements, of turbulence and point to the susceptibility of the
noise generating elements of turbulence to external stimualus. Other
long waves Induced by turbulence can be sadalarly analysed and
correspondingly interesting deductions ade on vibrational fields
Induced by turbulent flow. This paper will describe soeof the
developments leading to notions that turbulence ean be Influenced by
well chosen external stimuli AMd speculate a little an areas where
these effects might have signif icant practical Application.

5205D-UD ACIIV SOUD ASSCWlIOI IN A PIPE IN TM P=SWCR OF PLO

A am active noise control aye to proposed; with a .-*& to
reducing the ileut soe'o eti tw M . It cbinistrt'q. uor
am stew of single nowla osatrolers, euch of -AbW 6"bg the
noise, in see octave of brod-lautd sound in the d3-MO he frequaey , is

This sat up is on Improvet of, the ussovole, syste recently
described by Ightesadi & Levm* (0. nousy. Us. An., 1W2. LA.
p.. 60S).

out investisation is goa in a short (I a) Mam Adt (0.1 i 01m )
at flow, velocities VP to so a/@. it is demnstrwate ta 1w the teeo of
plane waves, ah stae, of only 0.4 a length imoluding the detector,
am achieve atematios within 15 - 20 Al In third-octave radm meles.
"radless of waas ls in flow speed. From these SNorImsta fends-
mintel, liitasieme in fluw dust nOise control afe discussed. it Is ._

ubmm that It a smitable teamse s fuinction of the Cantwell Is requilvd
to smntain optimal Peuformance, the difficulty of accrate sMemetg
deseetium In as turbulent pessure field is the main practical Plaufts
the eacrptift effect of taleaes em the acoustic ProPsatiam, a""
vwy smal at the lUm frequadee and velocities used In die present

A"
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shar Layer moenu Th1ck~a an jet. g~aljoet*

Veldia Kibma
MIcDoesll Douglas Research Labs

A systemtic experimental data basals beinag developed to character-

i*flOsfield Instabilities, their role In affecting turbulent scale
development in jeg, show flows. adthe, potential for using the Inter-
effects as the basis for optimal noise-eupressoc develomnt.

For jets, with thin laminar Initial aser layers. the early develop-
meat of turbulent structums is govemmed, by the shear-layer Instability
mechanisim. I . conuisting of the prmth of Instability waves at the ms
amlified frI&uescy f, q hich scaleon the shear-layer somentam thick-
ness. 0. Assmtric averties develop, subsequemely slmateOU. and
produce lawow-eeal. verticity 72m* region~ at the end of
the potential core is peoatnated to he governe by the jet-colum
Instability ,ehsim 1, 1 whic amgest a frequencyf that scales on
the jet d1amemer, P. almmimminal data are preat f 4 three subsonic
axIsysmstric air joes. 1).For a Jet. ith an initially Isar shear
layer with f > 2*f , the sheer-layer imecabLUty mechanism I is
decoupled fr~m the Lais of the flaw end is Umited In, its efilt to the
Initial region of the sheer- laye. Mhe rost of the flow is governed by
the jet-colum Ametabij~ty mebhmtsm.- 4,d hIs Indieipsndent of
velocity. 2) Por a lIniae sha lopm fr b f f4 S. the shar-layer
Instability frequency sevens the -. A nt scalu'de 0sla thrugua t
the entire fluawfill. The msmad4,m % entecs& om&y Iniirsctly by
limiting the lowst nmtmns.l froimeme, ta tom, fUaW&ie to,
St + 0.15. 3) The onset of tushalame In the, initial shear-layer
el~Mates the initi aser layer tbics. m a fetasy Is determiningf
the rate at which coherent sructuma Aw&elo Imr e jot. Plor this case
the only coherent maiem to at the stromal n I St a 0.& m&. the
f low, is g"ovene *Aitlv by the jetesamma UtSWAbtIl mdo. Tha
Influence of ths, itaL shmm l-e %m oea t~isa is, dIinao In
data meseed itben tth lie -s. do1ai odsktboi- inta
smetuis thicknese, e. an paetm& sant the, Mas!""~~ ~a
tkta.o.a. ame,, ms i m. wI~avo them am. ktmSaiai. Jo"p
wiLth differet dies aem he som~oA awaem carse

*Moi remmerb'" mesa esd "WN the NeoinI Dogle uas lda mt
Seseek, maipmn gueUWW

..... ...
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The Phenomenon of Self-Excitation of Axisymetric Jets*

A.KMF. Hussain and N.A.Z. Henan
Department of Mechanical Engineering

University of Houston

Houston, TX 77004

The self-sustained excitation of an axisymetric jet via a 'whistler
nozzle' appears highly promising for various applications involving tur-
bulent transport, combustion and aerodynamic noise production. The
device consists of a pipe, along with a msovable outer collar, attached
to a jet nozzle ezit. The characteristics of the phenomenon and the
response of the jet flow to self-excitation have been investigated for
wide ranges of the controlling paramters, and the pbenoenon at work is
explained. It is shown that the phenomenon is the coupling of two
Independent resonance mechanisms: shear-layer tone [1) resulting from
the impingement of the pipe-exit shear layer on the collar lip and
organ-pipe resonance of the pipe. The crucial role of the shear-layer
tone in driving the organ-pipe resonance is proven by reproducing the
event in pipe-ring and pipe-bole configurations in the absence of the
collar. Furthermore, resonable collapse of the data in nondImensional
form is achieved only when the initial m meutum thickness is used as
the length scale. Unlike the jet tone, ring tone, hole tone [2-4J
and the shear layer tone, where the successive stages occur with overlaps, I
there are intra-stage ranges for which the whistler tone is inoperative
because conditions for both resonance sechanism cannot be simultaneously
met in these ranges. The solf-excitation produces a large enhancement
of the ner-field jet turbulence and Increases jet spread at all dowm-
stream distances. The self-excitation produces broadband turbulence
amplification in the jet up to xID U 6. This amplification is the
maximum at x/D & 4 and is higher at higher jet Reynolds numbers. Further
details of the self-excited jet characteristics and of the phenomenon are
available in references [51 end [61, respectively.

References

1. Hussein, A.K.R.F. & Zaman, K.S.K.Q., 1978 J. fluid Mach. 87, 349.
2. Karmuchti, K., 3mve, A. 3., Shields, W. L., Stega, G.R. end

Woolley, P., 1969 KMA iA?20 p. 207.
3. Rockwell, D. 1. i6ZmnJd;a i ., 179 Am. Rv. M Mack. l, 47.
4c.Chan.ud, J. C..Powell, A.o. . 37. ---
5. Hase, M.A.Z. & Hussain, A.K..1i82, J. L Ith. 115, 59.
6. Euesan, &.LN. m Hn, N..Z., 1982 ro -t '.6
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Session IA-1: PWYMMMNHOW-IKuh PLUM

Orgenluer and Cairpermo: K. R. RAJAGUAL. Thor Catholic
Wivergity. of America

CO-014iwPewson: D. S. Lin., 111109i8 Ttitfst* Of

* 2:00 - 2:30 B. D. CSIIAU, Cersea0e4111oft bivereity.ani L. 3.
ZAMI, National flureas of taferd.:
"A lam Urthed of uvposmein the Mminsc Iunctlous
of 3mg-Linear U sleott matertais. Part i. rhewy.

* 2:30 - 3:00 L. J. ZWAS, National Sure"u of ttandards, mad
B. D. COLUMN, CeaegIO-IYsllo UiVOreitY:
"A Now Method of RepresestIft the Mmory Imntionslu

Of Mo-Linear ViLeoeltic latetls Part 11.

* 3:00 - 3:30 A. PETILI, National Swemo of Standa:e
"The ivfes"e of the Polymler Hbrpholboy on the
Trsport Properties"e

3:30 - 4:00 3EFPZUO SO=*

* 4:00 - 4:30 A. S. WI"N ivletIty of Uhain3a t. L A& GOAL

The Catholic ftivaruity of Americe; a" J. 3. 33,
ocketdyue, DInvition of ko~e1 awaeill

"Diffusion of a Timid Throngb a Uftbly Ulastie

4:30 - 4t43 A. ILV. WU=AUO, Se admiSU of Chgt. r&d*
*Symatical md awl *-ttical Stls Po2 f
Atially CWbnoftd VacIseaetic Cylladial Maells-

4:45 - SMO A. 120M,. lbeUiweiaty of h3*ins:
"Som Now SItsi s Vwol*$ical 1l61d Nbeceics
Cofteralm fte Surfae. visemeew

5:00 - 5:13 J.-I. IM,3 Aademia Sluice, Chie:
"A lbtbod of Determining the Ifiological lagters
and Relmxation Spectru of Umeraliued Pholoksl

5:13 - 5W3 S. 1. NUAMANUU SAM Leagley fleeseua Centers
R0n the Notual Serw. Ufeets of Zaeomrmesible
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Academia Sisica, WAes OGa
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vmix aither is doe fielt or 1id th466~tatory. an application of the

todioe," a inpactitaL _15uealng pftb1m in ant eftea forni to
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Soasion IA-2: RAPD FLOWIS 0F GRANULAR NAUIZ*&S

Orauizer: J. T. JMUNS, Cornell Univereity
Chairperson: 0. RICSUD, U. S. Steal Corporation

* 2:00 - 2:30 C. CIRSEL and C. 333OM, California Instituate of
Technology:
"Computer Salation of Granular Mater"ij Sbear Flow"

* 2:30 - 3:00 0 R. ft., SEE and N. L., ACKUHM1', Clarkeon College of
Technoelogy:
"Contitutitve Rmltonships for Two-Otmesasal Granular

nlow with hniaotropic Collision Effects"

* 3:00 - 3:30 J. T. MKIN, Cornell University:
"A Kinetic Ibeory for RsI* Defornations of Granular
iMsterials"

3:30 - 4:00 hhPRISImIT SIM1

*4:00 - 4s30 &.,A. SAVGE NcQil Uiversity, aaa
Oftbratioual luiiation end wixing of Granular

*4030 - 500 16 . N IAMI Tulne Univeresity"Nlcroweeadmil Based Rate-Indepeauat Constitution
Relations for Granular floe"

5:00 - 5:15 S. C. aumSU uniesty of S~iesa, Usuhka:
"Prehebilseic Stresses in Grassier Nhii
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A Kinetic Theory for Rapid
Deform tions of Granular Materials

J.T. Jenkins

Department of Theoretical and Applied Mechanics
Cornell University

We present a theory for rapid deformations of granular materials that

was recently proposed by Jenkins and Savage 1J. They focused attention

on a material comprised of identical, amooth, nearly elastic, spherical

particles and used arguments employed in the kinetic theory of gases to

derive balance laws for the mm denSlty, mean velocity, and mean kinetic

energy of the velocity fluctuations. The introduction of a simple but

natural form for the probability distribution governing the liklihood of

collisions between pairs of particles permits the calculation of the stress

tensor, the flux of fluctuation smeagr, end the rat* of dissipation of

fluctuation energy. We illuatrate the predictions of this theory for some

simple flovs. We highlight the "sptIons upon which the theory rests

and emphasize the lItiatetLom of the formalation in an effort to indicate

the directions for further reearch.

Referesce

[I Jenkins, J.T., and Savage, S.D., "A Theory for the Rapid Flow of
of IdentIcal, lmoth, Nearly Slastic, Spherical Particles," J. rImdl
mu.ch. (padifs publication).
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VIBRATIONAL M.UIDIZACION AMD NMflU Of GRAMMAR MATERIALS

S. a. Singe
Dept. of Civil Beglemring and Applied Ilebaics

Moall Daftersity

This paper describes experimel and theoretical studies of
vibrationm Induced flew, and mixing of dry granslar materials. Tests
were performed on spherical polystyrene beads contained In a rectangular
box bastag trnsparent front ani beck wells and a flexsible, nominaly
horizontal, bottom whioh could be driven at various frequencies and
amplitudes. The amplitude, of the bed vibrations was a aximm at the
center and decremsed toward the vertical side walls. Because of the
nonvmifoem amsew Jt thmmo thar 64 slaw recirculating flow
patterns develop an ma the granlar material. Velocity fields were
measured.a a function, od bed- vibretssa frequsey ad ampli tud. An
approxiate anlysis of the recirculating flow patterns is developed
by making we of ths; constitutive theory of Jenkins and Seaae I1I1.

Ill Jenkins, J.T.. ad Savage. S.3.. "A Theory for the Rapid ?low
of Identical. sweeth, newly slastic. Spherical Particles."
J. Fluid Mach. (pending publication).

ge1MMECAUY DM. NAf-UIEWPW OWSTITUTZVE

Department of MWNecoial Maginseglng
Tolmn aiveruity

OW vesent work; I11 owtas 9 erWme-ucat demopiou of doe
Sranular meterial behavior is suried. The relaticeshIp between
the overall stresses (21 and a measure of fabric of the material (3,41
is discussed. Evolution of fabric and the corremsdlag kinematics Is
also discussed. Uased am the observation that the chgep In fabric
iaduces change In cantact forces. rate-ladep~dunt constitutive
equatios.s are developed. end eme special cassa we coasidered.

(1I abdi M OWI 61L, and1 MNW*"eer. S.,. "A Nicremtcally Reed
Ift., Comstitive Description of Granular Nesterials." (pendifg

121 chiteffeem. J.. NebrobedU. N.. an ftet-Easser, S.. "A
K -- aksmcalDescriptive of ftaular Material Behavior."

J.AL f-- 39-344 (119).
131 fINmtWse , t.ad Ibbrabadi, U.., "A Statistical

StW of Fabric Is a bAmedu hsomly of Spherical Grules,"
ftinSM k.6.77-96 fl)

141 Werbet N..aM tROM,5 n d , ftStatistical
Rassulptims of Streaw mosi 1ftIn Oranlar Materials," Ist'l J.f a

d inl. bb. s ~b 6.93-10 (1962).
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PROBABILISTIC STRESSES IN GRANULAR MEDIA
by

SUNDAY C. CRIKUENDU
Mechanical Engineering Dept., University

of Nigeria, Nsukka, Nigeria.

ABSTRACT: In recent years a probabilistic approach is being developed
for the prediction of stresses in a half-space of soil that is subjec-
ted to loads on the surface.

In the diffusion model the applied influence (normal surface load)
performs a random-walk from particle to particle and the spreading of
the influence is analogous to a diffusion process. For the Boussinesq
problem of a point force acting normally (z-direction) on the surface
(%-y plane) of the half-space of granular material, the vertical-normal
stress, a ZZ is thus governed by the diffusion equation

a32a

where t = z2 gives the analogy betveen the (unsteady) diffusion problem
and the (steady) Boussinesq problem, and C is the diffusion analogy
constant.

The solution of eqn.(I) for the Boussinesq problem is, with r
2 -

azz - (114,KCZ 2 )e p (-T2 14C%2) . ( ,

For a granular medii m consisting of randomly-packed uniform spheres,

it is shown that C 1(11-2), where N is the average number of points of
contact, per particle, with other particles. This formula is then used
to relate C to the relative density of the medium. Over a wide range
of relative densities this formala gives- vertical-normal stresses that
are in fairly good agreement (especially near the load axis) with experi-
mental data for sands subjected to uniform circular normal surface
pressure. Thisr goes a long way towards (perhaps for the first time)
ezplaining quantitatively the considerable scatter in the observed
stress distributions in sands as reported in the various tests that have
been conducted over the years.

References: (1) Harr, .E., Mechanics of Particulate Media: A Probabi-
liutic Approach, McGraw-Hill, New York, 1977.

(2) Chlkwendu, S.C. and Alijba, M.V., Diffusion Analogy for Some Stress
Computations, J.-Geotech. Engrg. Div., ASCE, IGS, 1337, 1979.
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Session M-~3: UIWChL SYSTEMS

Or~anizer an Chefiporao.: J. S. ZUUOUIP University of
California, Los Angeles

Co-Chairperson: J. A. WAM, Northw~estern University

*2:00 - 2:30 A. AUDIT, JR., Lookbbed California Co. and D.J. 134M,
Mr. hierst, NT:

"I&del Control for a Class of Linear Discrete
Vibrating systeme"

2:30 - 308M L. G. CLOML, Valvsrelty of Teas at Akettv:

"Longitudinal Stability &A Control of a Traffic String"

*3:00 - 3:30 . R L 31IA~tU Ikwerwity of South. Carolina:
' Sobovier of Vpnm'asul Systems in Accelerating

3:30 - 3:45 C. D~. SULKY and IL. D. WI?(NET, The Ohio State
University:
"UmimicU Notion of Mscoarvative, Forced,
Smped Syste Subjected to Roapotetial
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Modal Control for a Class of Liea
Discrete Vibrating Syst em

A. N. Andry, Jr.
Lockheed California Company

Burbank, California

D. J. Zone
Dept. of Mechanical Kagineering

-w
Ahearst, UNw York

The central topic of this paper is the establishment of an
efficient synthesis procedure for modifying the mdsl structure of
a vibrating system. This procedure is direct In the sense that it

- -- Is non-iterative. The setting of the paper will be In state space,
but the actual design is performed relative to classical speci-
fications, i*e., pod". and mode distribution, by placing aSenvalues
in the complex plane and eigenwec tore at sowe desired locations
(region*) within the state space. The method can beadle configura-
tions subject to structural controller constraints. The theoretical

background and a nmrical eamplo are prowided.

L

p44

-311



LOUG!TUL SThDITT AND COUTROL OF
A TInTC Syr=u

L. G. Clerk
University of Txe at Austin, Texas

The logic for the individual control of a vehicle ina a moving
string Is based onthe abslute velocity of the vehicle and its dis-
plcfenmt and Velocity relativ te the preceding VehCIcl. The stability
properties afte considered frome aeystam ftewpoint iavolving the entire
traffic string rather than one or to vabicl". The equations of notion
of the mstom can he expressed In the form:

i -1[J +FLO Ia

ueo 4 +. aw +3& v + kIs, noabuts locity of daila
atio the Lavialoj Irom t1e pleper specie between vdclos a nd

u-1. The functimm V[.Jis piecewis, linear representing the sigal
imput mhich inteadau the accelewmtlf nd m braktag of One vehicle.
The subscript T on V Indicates a t evemd delay betwese - he mesmuramest
of displacemnt nd velocity signAls mad the inchmcal, &cteation of
braking ot scowleratiag. It b n he m o that awrow mbitmwy
parameters thet would ordiily awpeer In the @bows, equetiom can be
divesas uitiy Without diaturbis the geneality of pratcality of
the Vrablioa. ve is the steedy stn"e string voeoity.

The Limpmov approeh is nee to otain certala bouns amntae
parameater a uhech astern""se qune"Il stability, mar dhe lUme
form the Uampinv Direct Notbo gives a strums stability oriatiam
then Is obtatind by the usual 11ir Trawfeam a%&& don ou allom

t sa-seo. initial, pertmobecimme I& the tratthe strimS. Mhe as.-
linawfr em -only he troseW by the LIaw Mohsd.

S.
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Maviom of fteemia fta~ Mn &eelaiib irm
Jobs licesos

C0lle90 Of IneeringQ
University of Bsomb Cavellna

Colubia. Saab Carolina 2""

Given a conservative mahinical stem s n Inertial TOerec
fram with Sameralln..d coordinates q . q ; .. .L.the dynamical
behavior is determed by apecificat~mI th 6ic smarty

T( q:o)and the potential amorgy Y(q.). Ihe Vone considers the
*fv nthe bohavior of each systems ahom the refemence systen Is

accelerating wad/or rotating.
An exmle of a stable elastic system otteehed to a uniformly

rotating (cornatwt MNgula OAcoleaISCU ) fTM rem La iCUased In detail.
This problem arose in an attmt to daign ad build a high speed

- -grinding mahn or medical surgcal beives which required a very

stable grinding surface.

marmoanc Notion of moecmmevtive, Forced. bowd
System Subjected to Nompotestial, Follower Forces

C. D. ailey a" ft. D. Vitchey
Deportmnt of *emutical sad Astroatical ftimaring

The Ohio State Vaivereity
Coluu, Ch" 43210

Solutiome to the harmonically forced votiost of a manceeervative.

demnatrated. 2he solution Is obtained by direct aplicattom of the
method ofsts through the equation which Wmiltom callied the Law of

Pbsimona for Mbich the "Pbae ownl" io a function of the Independent
apace variable, No complex vexrie ad no differential equation
nor the theory thereof enter the problem.
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-~ W w~ Maimnin mawumni

UWid bIk end Andw W. ia"

so a" kftate bwot
4189 .w ftm. 4396ft

It1 to am ll oemlie tat Se das "mI*$ between the exper-
WOsI me lb$Wo6U45 MMLIM Ins1 lee or ~yidis tshrCal sdells

- ~ SWIO Wpp atdd ae presemof at itbdsle Initial gemeri
~sobesem. a tookmme. -WebsoU an te vibratiess of cylia-

dwisS *U. @&a I oun iNO-W-0 byfo&iVslY fo. weseotchers 11.21.
The P04146 i~TS*4jj4 1s No fie ben an Anotvtig the effects
69 pemasewe bloltu"m M wlhmen ad peoinad spheriCal sholl.

The $it). pe~bn is based Mn a galui"mo as se enear Dnell
WWII 44ais in low of a noeals dislusamaIaW a stress function. The
poe-vibe~e *No*e of staic e-iilihrim is deownined exactly Simce the
amr-liasar somital domea&p . out amo to te vai-directional character
orthm laitial W u em - -nlMo lauo ow . A two-tos, sinusoidal solution form
is sain al vam beai soft ad te compatibility equaties Is solved

emeil ft lown of a thus-em somaos fhtMies. The dymmic .quilibriin
equation Is then solved Imstoly using a Galerkin procedure. The
uMiin ftapeney is :Z f:all possible Wave os. Frequency versus
applied pmrom interaction curves a"e plotted for a fixed value of Poisson's
ratio (v.0.3) end varies values of the Imperfection solitude (p) and wave
w~er (a) (se eoamle, figure for owl.0) showing cmnsiderable reduction in
vibratm freq&enc for loperfoctlem solitdes on the order of the shell
thick"es.

(1) Matausla, L.. "Influence of
Initial Ceeetric Imperfections am
Vibrations of This Circular
Cylindrical Shells", Ph.D. Disser-
tation, Univ. of Mas., Sept. 1961.

(2) Singer, J. ad Prucs, "lafluonce

on Vibrations of Axially Compressed
Sfntifne Clnrical Sheels", s J. of

*Assistant Professor
**Professor
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ON A MUL3A III 101
LAWU DOMMZI OF DNATC SIELLS

U. TrIantafylIdi
Vepartuest of Aerspace UmuINeerimg

The University of KIbthma
Assn Arbor, Iff 46109

Numerous attmrts have bess wede up-to-date to construct
as-linear shell theories. Nmotivated by applications Is metal,

plasticity. vbere especially In low hardening aterials a
small. strain fonalation is inaccurate eve at relatively low
&train levels and by the desire of sidkig omly ame aswtie,
we CONStruct a nos-linear shell theory suitable for larva
defoumations and strains valid for a wide class of amaeatic
mterials. Two agoles have bese wetd out in order to
give us sa Preliminary inforatieon the behavior of this
theory am involving a this elastic plate and the other
finite strat bending of a thick plate ad resmlts wec

compared With exact solutions.
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Statics of *Aisy mtric Chebyshew gets
C. PI. Kussetmov

Department of Gomera ansinsering;
University of Illinois. Urban&, Illinois 61$01

A net represents an undercouatroised structuaral system with Intricately
Interrelated etatica and geometry: its equilibrium configuration Is a function
of the applied load, and, om the other hond. equilibrium Is a girm teonfiguration
is poesible only under certain types of loads. A Chebyahow not is one of the
most eommn mets: all of Its alusntary cells are rhmbi. It use proved by
Ceby@We that due to and at the empense of the varying net ange the net is
applicable to amy smooth surface.

The subject of this study is the statical-geometric interrelatow for an
anisymetric Cebyehow met. A not saget similar to a beshetball net Is
attached to tw patlel an comital ei~euis ring of whIch to sumpported
In the axial disectin whil, the oher I*e subjectod to a gives midal tomsion
force. In this cane the peabJlin to hmsoin aod boe of Its solution
(1) one of the thee misting types of IpeeInrepecal sufaces (2]. This
conf iguration and the arumspamdifg atse" state are tabs as Initial conditions

frasubsequent sufac@ loading.

Three types of surface londing wre considered: 1) waiforely distributed
(IemIc) Internal or emewal promewej 1) comerifuga load resultifg

from rotation of the me abmc Itsoernie of vrwlotsm (either tdo actual
ae of the not or a adlesay dloetwi surface eft comeiidred); 3)
noral presr resultiag from a steady Internal sia! See flow. Per each of
the above leads, the first integral of the solution vas evaluated analytically
yielding closed-forms expressione for the morldian slope and Internal forces
in the not. These were found In team of the load parameters, the net ange
aid radius of revolution. The letter, however, can only be deternined numerically,t ~ using ae kind of fotwaud Integration procedure.

The obtained analytical solutions led to several Interesting qualitative
results. For emoml. for a net soent under axial tensiom and uniform
Internal pressure. a cylindrical form Is a possible equIlIbrim configuration,
whereas a comical one Is not. As a result, Whom a wet egment stretched between
two equal edge disks is subjected to grad&uly Iscrmelg pressure It changes
its s~p from a psoodompbare (Gesem curvature VO), thargh a cylinder (K-0)
to a barrel-shaped surface (93-0). is the case of unequal edge disks, the
Initially nqative Gaussien curvature first reaches the mero value at the

mllsr edge ad thm uives wt"e to a gone of KWO pwepetift toud ths
larger edge mi forming a sequance of bell-aped surfaces.

1. 3. UL Rumnesov. £misymetric Itaticletso, inter. jewua of Souid
i Stroutr, Val. Is, 1982.

I. 1. 1. Struik. Letures on Classic Differential Geometry. &ddison-

Veslep 195?
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Thevmmechanical Couplng In Blenial Thermally Irnduced aVMS

E. C. Tifr and S. Paydarfar**

solution of the transient thmmoelastlc analysis induced by rapid
hetm o thermal shocks have draw cosIderable interest, prticularly in

th oemnc dvelopment and In the design of aerospace vehicle n ncer
reactor compenents. In general, the analysis can be classified as uncoupled
o r coupled. dopending on whether the ftud includes the thermumechanlical
couling effect. The uncoupled solutions are analytically simpler and a
majority of the reported studies to *^nmc thermolasticity falls into this
category. 1 ilcations of fully coupled theory wer also considered
recently. Teanalysis isuuly m re complicated and thus solutions
are, often limited to asymptotic form or for special cases.

Because of the complexity In handling inertia and coupling effects.
existing analyses are often limited to physical problem which involve
uniaxial stress, condition only. Viual ly, an infinite or soi-nfinito medium
Is assumed Im eliminate reflection. Uased On these studies. It has Meen
concluded that the coupling effect Is nat a duinant factor. HNwe, it is
generally believed tgat the coupling can either be neglected or Included
though a wad coupling procedure such as explicit iterations.

Recently. we have developed a variational principle fer the finite
eleUent analysis thick has the capability of treating strong coupling bebmee

tedeftoomtion and heat conduction, Without recourse to aop Iterations. in
this paper the nmrical scheme Is aUtended to stuiv blaxial stress weves In
a finite pilaInued Or a rapid bond" heating or a concentrated heat
source. The heat seem can either be stationary or maying rapidly. On of
our results Is that the termomechanical couplin effect In biaxial condition
can be significant. Taperature distribution ad the location of the wese
Front at a speific tin can be changed due to coupling. Va also show that
for longer times the coupling indues a dissipation effect in the finite
domain.

References:

1. 6. A. WOMBidS ad E C. Ties, Ovrltional Formulation for Neat
Conduction Problems,6 J! SO l , p. 673 (109).

2. L A. leiidus and E. C. Ting, 'A Finite Elasman Formulation for Thermal
Stress Anal s - 1. Variationa Formulation,w Red * fe. Desle 39,

3. E. C. Ting ad N.C. Chon -A Vlied uerieel A -6ee for Theml

*Mdufte Nodet of Civil au~wing, %0* fiversifty.

f 4 .
-' -AT

r~.~--



Dlynamic Non-Fourlier Therlstic Solutions
in Cylindrically Bounded omains

by

M. N. Said
Nuchanical Engineering & Applied Necha~ics

University of Rhode Island
Kin~gston. tlI. OMI

C. V. CMs
Nechanical Resig Engineering
Pennsylvwania state Uhtiversity

Capitol COMPUS
IdPto, m, PA 17657

WaMeted 4dy mi thermmeasicity solutions wve presortod for the
case %tmwo the #AMePtel oftSs a rAn-foui comftctewi law. In, contrast

tthe classical Fousier low *tch predicts an inuiwite speed of heat
propagation. the wMR-Porier thery used 1harein implies that the speed
of thermal signels are finite. The perticuler conduction caestitutiv
equation mood accounts fer thermal inertia by generating a hyperol ic
host Cocin quatiem.

previomus rk in thtis area.a2LodO 1M EI * ~ ~ wormloo and
Morren [2]. Mse tI] end NotI [4] Uwpeetdonly Creian theM-

elsicslattons. Wepee t ntcus cwmture effects Iw
devreloping solutionas ft acsymtt p,*lb was r 1""s itoeiw and
exterior to a cirowler cine.All praem delw th dolly in-

conditions.

Solutions are generated through the we of Laplace transform and
asrtetic analysis. Comparisons of the temperature,* displacemet and
stross fields with the corresponding classical Fwoir results are pre-
sented. Results indicate that now-Fourier temperatures and stresae are
intially levge them Fvwnier esults. bet that these difimce quickly
dasapper as tim progress.

[I] Lord, N.M. ad Y. Shulm, 'A Generalized --- Ica Theory of Therm-

~iIr Ca1 TIOery Of Themeoleetfty.1 Qvwt.J.Awch.Neth, . 3

f33tr VT 9 ltogom I" nao R -ore tress NAMs in a Semi-
Awits'ur. =.I,0MP).

E41 ft 0t,00160MISS IS 090i Ht~esi i-
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On The Response of Poroelastic Layers to Moving Loads

Michael Burke* and Herbert B. Kingsbury**

*Graduate Student and **Professor
Department of Mechanical and Aerospace Engineering

University of Delaware
Newark, Delaware 19711

ABSTRACT

This paper presents a study of the response of layers
of fluid-filled porous, elastic (poroelastic) materials to
various types of moving surface loads; a problem which
finds application in such disparate fields as biomechanics,
ocean engineering, geotechnics and paper manufacture.

The study begins with a critical review of Biot's
formulation of the field equations of poroelastic media.

iese equations are used to formulate the two dimensional
boundary value problem of a load or displacement distri-
bution moving at a constant speed across the surface of
poroelastic layer which is bonded to a rigid, impermeable
surface. The problem is solved by a Fourier Transform
method which employs the Fast Fourier Transform for numer-
ical inversion.

The general solution form is used toexamine the effect
of the imposed surface load or displacement distribution,
load spee, allowed flow conditions through the surface,
and layer thickness on internal stress, fluid pressure,
fluid flow, and distribution of flow through the layer
surface. Materials systems considered include water in
sand, articular cartilage and wool felt.
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ON THE BENDING OF SKEW ELASTIC PrAT.S

by

D. S. Chehil, Associate Professor N. Basso, Graduate Student
Departent of Applied Mathematics Department of Nchanical Engineering

Technical University of Nova Scotia Technical University of Nova Scotia
Halifax, N. S. Halifax, 0. S.

This report is concerned with the bending of a parallelogram plate
subjected to a transverse load. The analysis of this problem is more

challenging than the analogous problem of a rectangular plate and in
general closed form solutions cannot be derived. In most of the
investigations dealing with the bending, buckling and vibrations of skew
plates, various special and approximate methods have been used to find

a reasonably accurate solution. In this submission, the given
differential equation is perturbed to give rise to a sequence of diff-
erential equatiens. The leading equation of this sequence Is the well

known bi-hamonic equation solution of which for a particular problem
are either known or cen be easily constructed. Thus, starting with a

known solution, the solution to the given differential equation can be

found by a sequence of successive siproximations. The procedure is
illustrated for a special came where the edge of the plate are simply
supported and the load distribution is unifomm.

Bibliography

N"ley, L. S. D., "Skew Plates and ,tructures, "e ilan Oamny,
New York, M863.

IWntrovich, L. V. and Krylov. V. I., Approximmite Nt of Higher
Analysis", Interecience Publishers, The Netherlands, 1956.

Timoishenko, S. and Voinowsky-Krieger, S. N., "Theory of Plates and

Shells, NcGaw-NHill Book Cmpany, Inc., 19S9.

Nonforton, G. R., "Finite Element Analysis of Skew Plates in Bending',
AIMA. June 196, pp. IMAM0-112.

Comay, H. D. and Farnsh, K. A., "hW Fr Feuufal Vibrations of
tiamular, Iefbic and Parallelogram Plates and S Analogies', lat.

a. Neck. tci., lergemo " Press Ltd., 1965, Vol. 7, pp. 611.416.

leaslzr, 1, "unokli of simply Supported Oblique Plates', journal of
Aplied NMcJ Ace, Septmber 1963, pp. 363-366.

Baerise, M. N.. *On the Vibration of Skew Plates of Variable Thickness",
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A NODAL APPROACR TO THE SOLUION OF
NONLINEAR VIBRATION PROBLEMS

Khyruddin Akbar Anari

Associate Professor of Mechanical Engineering
University of Petroleum & Minerals

Dhahran, Saudi Arabia

An approximate method of arriving at a solution to nonlinear
vibration problems is discussed. The technique presented involves

derivation of solutions for free as well as forced vibrations by an
application of the stationary functional method using normal modes.
As an example,* the nonlinear problem of a three-degree-of-f reedowIspring-mass system with nonlinear restoring springs is analyzed and

Inumerical results are presented and discussed. It Is seen that a
definite advantage of applying this technique to a lumped-parameter
system is that nonlinear modes higher than the fundamental can alan
be easily generated.
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TIRE SLIP PHENOMENA

Dr. Boris P. Volfsen
John Deere Product Engineering Center
P. 0. Box 8000, Waterloo, Iowa, 50704

A new approach is qiven to explain vehicle tire slip phenomena. It
is shown that the term 'wheel slip", as used by engineers in connection
with off-road machines, covers four different physical phenomena which
we call respectively slip of the first, second, third and fourth type.
Three of these phenomena are not a slipping of a tire on a surface and,
what is more, two of them are not essentially slipping. The main atten-
tion is focused on components of slip which can explain the experimental
deviation of a flexible tire behavior from zero slip without any sliding
at the tire-surface contact zone. On the basis of this interpretation
of the slip phenomena, an explanation of the well known experimental re-
lationships between pull (thrust) aad slip is given.

In spite of rather intensive investigations a slip phenomenon
(see, for example, [1-51) during many years there is the following text
in monograph [21.

"For the classical rigid wheel rolling on a flat plane any slip
whatsoever is complete sliding. However, the flexible tire struc-
ture can deviate from straight line fret rolling without complete
sliding at the tire-load interface. Although the exact mechanks
have not been worked out, the results are well knowm."(Vords in
bold type are by 3.P.V.)

In this paper an attempt Is made to study the physical nature of
what is known as a tire slip phenomenon and to explain unknown mechanics
on a basis of the four different physical phenomena. Sack of these ph.-
nomens manifests itself in an experiment as the obvious difference be-tween a distance L = 2 v RL. which the tire should travel in each

revolution, and a distance L1, which the tire travels in fact. If in
the practss of an experiment the above mentioned difference is not equal
to zero, it would be agreed by most observers that the wheel was slip-
ping. But as it is demonstrated in the paper, it is not always true.

It is shown that a more accurate understanding of the slip phenome-
non is important both for dynamic analysis of a vehicle behavior and for
correct choice of an experimental technique for a slip measurement in
the process of lab and field tests. It is possible, that depending on
experimental conditions, the different parameters should be measured.

1. Brixlus, W. W., Winmer, 2. D., The Role of Slip In Traction. ASAE,
Paper No. 87-1538. 2. Clark, S. K., Editor, Mechanics of Pneumatic
Tires, National Dureau of Stanards Monograph 122, November 1971. 3.
Forrest, P. J., Reed, 1. F., and Costantakis, G. V., Tractive Charac-
teristics of Radial-Ply Tires, Transections of the AGAE, Vol. 5, No. 2,
1962. 4. Krauter, A. I., Determination of Tire Characteristics from
Vehicle Behavior, S1, Automotive Engineering Congress and
Exposition, Detroit, Michigan, February 24-28, 1975. 5. Phillips, J.
R., The Powered Vehicular Wheel Plane-Rolling in Equilibrium: a Com-
sideration of Slip and Rolling Resistance, Proceedings of the 1st
International Conference on the Mechanics of Soil-Vehicle System, To-
rime-Saint ViscAmt, 12-16 Jome 1961.
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TORSIONAL RESPONSE OF AN ELASTIC HALF SPACE TO A
NOIIUNIFNLY EPARDING RING SOURCE

Muktimoy Ohosh
Department of Mathematics
North Bengal University

Darjeeling - 734430 INDIA

The dynamic behaviour of an elastic solid under various form of
moving loads and torsional pressure has an important role in sesmlogy,

structural design and under ground exploration.

Gakenbeimsr (1971) presented in detail the problem of a load
emanating from a point on the surface and then expanding radially at a
constant rate. Gbosh (1971) considered a problem of propagation of a
stress discontinuity over an expanding circular region with a constant
velocity. Strong (1970) discussed the problem of accelerating line load
in an acoustic half space. Roy (1979) and Brock (1980) discussed the
wave motions as expected in case of a uniform pressure distribution over
a circular zone expanding vith nonuniform velocity on the surface of an
elastic half space.

In this paper the displacement at any point (r,z,t) in the seai-
infinite medium t determined by prescribing a time dependent torsional
force over the rm of a circular region by Cagnlard De-Hoop technique.
The ring source is assumed to expand in any arbitrary manner. It is
found that sometimes displacement field contains besides the usual SH- .

waves, contribution from conical waves which arise due to the motion of
the source. The region of comical waves which dependon the nature of
motion of the source and the ntial speed of expansion of the source are
investigated in detail. Different wave front surfaces are located and
first motion responses near different wave arivala have been obtained.

Numerical evaluation of the displacement on the free surface has
been made for a decelerating source whose radius at time t Is of the
form h(t) - Af. Displacements at points on the free surface for
different positions of the source have been plotted.

1. Gakemhslmer, D.C.. J. Appl. Hach. Vol. 38, 99-110 (1971).
2. Gboeh, M.L.., Appl. el. Res. Vol. 24. 149-167 (1971).
3. strong*, W.J., J. Appl. Mach. Vol. 37, 1077-1082 (1970).
4. Roy. A., lat. J. NaM. Sci. Vol. 17, 1023-1038 (1979).
5. Brock, L.N., Quart. Appl. Moth. 37-49 (190).
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Solution of the Parabolized Wevier-Stokea
Equations Using the Agarwal Algorithm*

W. V. Dower
McDonnell Douglas Research Laboratories

St. LTois, Missouri 63166

In a variety of fluid mechanics problems. the computation of
three-dimensional, steady, turbulent flowfields does not require
solution of the fully elliptic tine-averaged avioer-Stokes equations.
Rather, in these problems there is a predominant direction of flow with
no flow reversal in that direction such that the upstream conditions
alone determine what happens downstream. These flows are termed
"parabolic" and are described by the psrabolized three-dimensional
Navier-Stokes equations, which are more general than the boundary
layer equations since they account for pressure gradients normal to
the primary flow direction.

By taking advantage of the parabolic character of the equations,
it is possible to formulate solution techniques which permit marching
from the upstream boundary to the downstream boundary and thereby
eliminate the need to simultaneously solve the entire flowfield. This
approach offers savings in both computer time and storage, since at
each cross-stream plane in the marching direction, it is necessary to
solve the governing equations only on that plane. Consequently, only
a two-dimensioal array storage of the flaw variables t required,

which permits finer grids and higher Reynolds numbers than are
possible with the finite-differece solution of the fully elliptic
equations.The proposed paper describes application of the Agarwal algo-

rithelo. to the perabolised time-averaged avier-Stokes and k-s tur-
bulence model equations in three dimensions. This technique, which
in previous workl 2 he been applied to the fully elliptic Wavier-
Stokes equtions, is based on a third-order-accurate upwind scheme
for discretisinag the convective derivatives. Details of the solution
procedure will be described, and computations will be presented for
two (one internal and one external) three-dimensional parabolic-flow
configurations. The first is developing turbulent flow n a duct of
square cross section, and the second is an axisymetric jet discharging
from a blocking plate into a stationary fluid. Comparisons will be
made between the computed flow properties and data.

1. Agartal, 3. K., "A Third-Order-Accurate Upwind Scheme for Xavier-
Stokes Solutions at Nigh Reynolds Numbers", AIAA Paper No. 81-112,
presented at the AIAA 19th Aerospace Sciences Meeting. St. Louis,
NO, 12-15 January 1991.

2. Igarwel, A. K., "A Third-Order-Accurate Upwind Scheme for Xavier-
Stoke Solutions in Three-Dimensions". Proceedings of the Winter
Amel Neeting of the American Society of Mechanical Engineers,

geoerek conducted under the McDonnell Douglas Independent Research
and Usvoupmut proga. .
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Modelling and Finite Element Simulation
of Hydraulic Fracturing

by

J. K. Lee and S.H. Advani

Dept. of Eng. Mach., Ohio State Univ.

Abstract: Hydraulic fracturing is an important stimulation technique

I1isdby oil and gas industries in extracting energy resources.
This study deals with finite element formulations and numerical pre-
dictions of hydraulic fracture geometry. Unider a set of suitable as-
sumptions, governing equations for the width w(x,t) arnd length L(t) of a
vertical fracturt can be written as

Cw . 0 ifo <x <L(t)

a n d d Ld 
-

d d o o d< QO Ot< T

inwhch c * 4 and Q are some constants (cf. (1] for a detail). This
comine ;KI i anImprovement over models proposed ea.rlier (Nee [2)

frareview). Physical accounts of the model coupled with the fracture
mcaisaspects and sme m..erlcal results have been sop.rted by the

curreat authors in Ref. [1l. Current studies have concerned with a
frhrImprovement of the model by introducing effects of amn-Newtonian

flisadvariable fracture height and searching for an efficient
solution algerithm. Same of recent developments will be presented along
with numerical results.

References

1. S.M1. Advani and J.I. Loe, "Finite Element Model Simulations Associated
with Hydraulic Fracturing,.' Soc. of Pet. Rag. J., Aril, 1982.

2. J. Ceertsma and 1. Nsaften, "A Comparison of the Theories for Pre-
dict lug Width and Extent of Vertical Hydraulically Induced Fractures." -

J. of beRo Res. Tech.$ MAS, 101, S. 1979.
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AN ERRO ANALYSIS FOR SINSJA

FINITE ELDIENT

J. R. O'Leary

Assistant Professor
Civil Engineering Dept.,
Il1. Inst. of Tech.

This paper addresses the question of convergence for the finite

elemet method whe singular (crock tip) elements are wiplyod in the

construction of the approximation sumbspace. A-priori and &-posteriori

error estimates are developed for a model boundary valve problem defined

over a plane domin with a reentreint corner. Ths a-priorl estimates
are given tetem of either the global energ nom or the maxim. norm

or em interior siubdmmain. This latter measure allows for the develop-

ment of error estmates a agpraimettoms ft the stronmg~ ietemuity

factor WWN obtie a am isbomol dape of ftem for 1:10 stoler

aim F. ~V~ttom of ti-e melts is *"I" by extensive

amusriml expertats em a suitaby onstrncted sisgUr ordinary
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(M AN IUOPADANCTRIC FINITE DIF 3 1C UUC HETOS AND
A FIVE-MOO FINITE ELDENRT FOR TU SOLUTION Of

FLUID FLOW PUOSLDI

J. ff. Reddy and Richard Test
Department of Engineering Science and Mechanics

Virginia Polytechniic institute and State University
Blacksburg. VA 2401

The paper presents results of two separate investigations: (1) an
isoparinetric finite difference energy method.* and (2) an isopeametric
five-node rectangular element for the solution of Wavier-Stokes equations
f or two-dimensional Incompressible flows. The concept of iaoparstry,
borrowed from the finite element method, In finite difference energy
method makes the finite difference method =moe flexible In the analysis
of flow problems with curved boundaries. The five-mode rectangular
esent Is Investigated for its accuracy compared with that of the four-

node rectangular element in the penalty-finite element formuaet ion of the
Wavier-Stokes equations. Results are presented showing the relative
accuracy and computational efforts involved In using the Isopar ame tric.
finite difference energy method, the five-node isoparametric elemnt. and
the four-node isoipareatric element.

TUODUNESIONAL COMINED MON CMYUCTI-UDIATIO
BEAT TRANSFER BY FINITE IIZUUT

T. J. Chsmg and J. 1. KIM
Department of Mechanical Engineering;

The University of AlabamI inmtsville

The two-dimnsional beat flux is derived and finite element analysis
is performed on combined mode convectiom-radiation problem In the
divergent end convergent channel flow. It i@ show that, If the optical
thickness Increases and radiatiLon domlinate. over convection, the mean
temperature of the flow domain becomes high In the divergent chmmel
whereas this trend diminises In the couvmgent seml. If optically
thin, the effect of radiation on the t qerem profiles Is very wm&e.
It Is believed thet calculations of taperture distribution, for two-
dimensional radiative flux hasse been mmde available for tbe firsnt tim
to the best knowledge of the authors.
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HEAT TM P NNWUPA OMNARY LAER FLOWS

Clevelad. ON 44115

ABSTRAC
The studny of microcontinuum fluid mechanics has received the

attention of may research workers. Eriugen (1) has forulated tme
theory of micropolar fluids. This theory includes the effects of local
rotary inertia and couple stresses and is e*"ected to provide a mathe-
matical modal for the mon-Nwtonimn behavior observed in certain man-made
liquids such as polymeric fluids. The themr of theronicropolar fluids

- -- has been developed by Eringen (2). Sorla (3) has recently studied the
thermal boundary layer of a micropolor fluid flow in the vicinity of a
stagnation point.

In the present paper, we have analyzed the flow and heat transfer
characteristics of the microplar boundary layers. The specific geo-
mtries of the flow are the flat plate flew, cross flow on a circular
eylinder and longituadinal flow alang-a circular cylinder iseluding
traverse curvature effects. The governing boundary Uyrequations for
each case are formulated and are solved numrically. Th umeerical
results presented cover a wide rage of -values of the -dimewsionless ma-
terial parameters and Prandtl afbars of the fluid. Similarity solutions
are obtained for the bounary conmition of constant surface temerature,
constant surface heat flux and viscous dissipation effects are included.

The effects of nomisotherml boundary conditions leading to nonsimi-

3. L.SoR. Gorla. lot. J. Enga Scl.. 18, 611 (196)
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STUDY OF NATURAL CONVECTION IN ECCENTRIC CYLINDRICAL ANNULI
USING THE VARIATIONAL APPROACH

H. M. SADIt

A .aitant Professor
NW-ha~iOaZ pfign -ein Departmwnt

Univer ity of FetroZewi A Di., war..t Box 0 322
VAwhra. sakdi Arabia

The problem of natural convection heat transfer in the annulus bet-
ween t:wo eccentric horizontal tubes has been solved numerically by using
a variational finite elewent method similar to that used in reference ElI.
Isothermal conditions were considered at the surfaces of the Inner (hot)
and outer (cold) tubes.. The governing equations of motion, namely the
mass, momentum, and energy conservation equations, were solved for a range
of Rayleigh numbers, Ra, from 10' to 10' [based on the averag," gap width
b - 1/2(Do - Dj)) while keeping the Prandtl number, Pr, at a constant
value of 0.7. The eccentricity of the Inner tube was varied from 0.6 to
-0.6 times the average gap width.

The method of solution was tested by solving the problem of natural
convection In a concentric cylindrical annulus at different values of Ray-
leigh numbers and comparing the results with the numerical and experimental
results obtained by Kuehn and Goldsteln [2]. The comparison showed an ex-
cellent agreement.

It was found from the present study that increasing the eccentricity
tends to change the velocity and temperature distributions significantly
from those prevailing in the case of concentric tubes. Accordingly, the
distribution of the temperature gradient at the surfaces of the inner &nd
outer tubes and the local heat transfer coefficient were found to vary I
considerably. FIgure (1) shows a typical streamline and Isotherm pat -
terns for the case of Raylelgh number, Ra - 104. Prandtl number, Pr a .7.
and eccentricity ratio c/b - -0.6. These lines were plotted only in one
half of the field because of symmetry with respect to a vertical plane
passing through the aes of the Inner and outer tubes. The overall con-
vective heat transfer coefficient Increased by as much as 385 at Rayleigh

number Ra - 10'
. 
diameter ratio e 2.6 and eccentricity ratio of -0.6.

However, at high Rayleigh numbers, the effect of Increasing the eccentri-
city on the overall heat transfer coefficient becomes less. The general
criteria agrees with the experimental results obtained by Kuehn and Gold-
stein (3] at high Rayleigh numbers. The numerical solution gave an In-
sight to the flow and temperature fields which enabled accurate determine-
tion of the local and overall heat transfer rates.

ACKNOW _ .BNOM

This study was supported by the University of Petroleum and Minerals.
Dhahran. Saudi Arabia.
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Session FA-6: APPLICATIONS OF THE FINITE ELEMENT METHODI
STRUCTURAL MECHANICS

Chairperson: S. N. OWIVEDI, University of North Carolina

Co-Chairperson: D. D. ARDAYFIO, University of Missouri-
Rolla

2:00 - 2:15 S. NAKM.AU R. L. SENEDICT and R. S. LAKES, University
of Iowa:
"Finite Eleqent Analysis of Anisotropic Micropolar
Elastic .Maerials"

2:15 - 2:30 M. EPSTEIN and H. P. HUTTEL)AIER, The University of
Calgary:

"Finite Element Formulation of Multilayered and Thick
Shells"

2:30 - 2:45 J. N. CRADDOCK, Southern Illinois University:
"Approximate Analysis of Non-Axisvmmetric Configurations"

2:45 - 3:00 J. L. HILL, The University of Alabama and S. CHAIVIRAT,
Chulalongkorn University, Thailand:

"Stress Analysis of Frictional Contact of Threaded
Joints"

3:00 - 3:15 F. A. BATLA, North Dakota State University:
"Idealization of Prestressing Forces for Finite Element
Analysis"

3:15 - 3:30 S. NAKAMURA and R. L. SEDICT, University of Iowa:
"Temporal Finite Eleunts Based on a True Minimum

Principle for Initial Value Problems"

3:30 - 4:00 REFRESHET BREAK
4:00 - 4:15 M. SATfAMOItRTH and R. IUJLLADY, Clarkson College of

Technology:
"Nonlinear lehavior of Seams by Finite Element Method"

4:15 - 4:30 S. R. IDELSOHN and A. CARDONA. National Council for
Scientific and Technological eseearch, Argentina:
"Two-Stage Discretization Techniques in Nonlinear
Structural Dynamics"

4:30 - 4:45 D. KARAMALIDIS, Georgia Institute of Technololy;
LE TUE HUNG and R. HASSLICH, Technical University
of Berlin.

"A New Doubly Curved lzed Hybrid Finite Element
for Thin Plate Analysis"

4:45 - 5:00 D. D. ADAYTFIO,-Un 4ersity of Nissouri-Rolla:
"Cantilever Dynamic Vibration Absorbers with
Increased Effectiveness"

5:00 - 5:lS A. IA8SlHEAND ad I. IA1tAROMG , Oklahoma State .
Usiversity:
" o piter-Aided Design and Optimisation of a Four-
Ber Mcbmism; to Trace a Given Path"
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Finite Element Analysis of Anisotropic

Micropolar Elastic Materials

by

S. Nakamura
R.L. Benedict
R.S. Lakes

Materials Division
College of Engineering
University of Iowa
Iowa City, Iowa

The total potential energy for a body composed of an anisotropic micro-

polar linear elastic material is developed and used to formulate a displace-

ment type finite element method of analysis. As an example of this formula-

tion triangular plane stress (and plane couple stress) elements are used

to analyze several problems. The program is verified by computing the stress

concentration around a hole in an isotropic micropolar material for which

an exact solution exists. Several anisotropic material cases are presented

which demonstrate the dependence of the stress concentration factor c- the

micropolar material parameters.
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Finite Element Formulation of Multilayered and Thick Shells

by Marcelo Epstein and H. Peter Httelmaier

Department of Mechanical Enginering
The University of Calgary
Calgary, Alberta, Canada

T2N 1N4

Based on the general nonlinear theory of multilayered shells
presented in [1), a finite element analysis is devaloped which can be
applied not only to true multilayered shells, but also to very thick
shells, by subdividing the thickness into an arbitrary number of layers.
Such shells are beyond the range of applicability of so-called thick
shell theory in which transverse shear strains are included by allowing
the normal to the shell to remain straight but not necessarily normal
to the reference surface. In the theory used herein a generalized
version of this hypothesis is used independently for each-layer and as
a result any transverse shear or normal strain variation can be accomfo-
dated by a sufficiently large number of layers. As shown in (21 for the
case of beans and plates very accurate transverse strain and stress
distributions are obtained even in extreme situations.

A bilinear isoparametric concept is adopted, which has been

shown [31 to yield reliable results in thin shell theory and to be
economically competitive. This is coupled with a direct formulation
of the stiffness from the principle of virtual work which results in a

considerable saving in computer implementation. A number of examples,
including laminated shells and thick structures, are presented to illus-
trate the accuracy and versatility of the formulation.

[11 Epstein, M. and Glockner, P.O., "Nonlinear Analysis of Nltilayered
Shells", lat. J. Solids and Structures, 13, 1081-1089,'1978.

[2) Epstein, m. and Huttelmaier, H.P., "A Finite Element Formulation for
Multilayered and Thick Plates", Report No. 218, Dept. of Mech. Engg.,
University of Calgary, February 1982.

[3) Kanok-Nokulcai, W., Taylor, R.L. and Hughes, T.J.R., "A Large Deform-
ation Formlation for Shell Analysis by the Finite Element Method",
Computers and Structures, 13, 19-27, 1981.
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Approximate Analysis of Non-Axisymmetric Configuratior.s

J.N. Craddock
Engineering Mechanics and Materials

Southern Illinois University
Carbondale, IL 62901

A finite element method of analysis is developed for srt.'ctural

configurations which are derived from axisymmetric geometries but con-

tain definite nonaxisymmetric features in the circumferentia.: direction.

The purpose of the present analysis is to develop a method w.- ch will

take into consideration the fact that the stress and strain conditions

in these geometries will be related to the corresponding axisymmetric

solution. The analysis is devleoped in terms of a cylindrical coordi-
nate system r, 8 and z. As the first step of the analysis, --he geometry

is divided into several segments in the r-8 plane. Each sec-ent is

divided into a set of quadrilateral elements in the r-z plane. The

axisymetric displacements are obtained for each segment by solving

a related axisymmetric configuration. A perturbation analyss is then

performed to match the solutions at certain points between the segments,

and obtain the perturbation displacements for the total struc-ure. The

total displacement is then the axisymmetric displacement plus the per-

turbation displacement. The stresses and strains are then calculated

at any desired point once the total displacements are known. The

method is applied to a number of examples to illustrate the accuracy

of the method. The results for these examples are presented and dis-

cussed. A detailed discussion of this problem is presented in Refer-

once [1]

A. R. Zak, J. N. Craddock, W. H. Drysdale, "Approximate Finite Element
method of Stress Analysis of Non-Asixymetric Configuratios".
introduction J of Coamuters and Structures, Vol. 9 (1978), pp. 201-206.
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$ STRESS ANSALYSIS OF FRICTIONAL CONTACT OF THREADL,) JOINTS

James L. Hill, Professor
Department of Engineering Mechanics

University of Alabama
Tuacaloosa,* Alabama

Surawat Chaivirat, Assiatant Professor
Chulalonghorn University

Bangkok, Thailand

The analysis of a threaded joint is considered an axisymmetric
contact stress problem. The threaded joint includes multiple contact
surfaces on which dry friction governs the slippage. T .e stress"es nd
displacements in frictional contact problems are loading-history do-
pendent and are calculated Incremntally.

A numerical solution technique is developed to analyst frictional
contact of threaded joints. The awsyetric finite element method is
used. Bodies in contact are decomposed Into smaller parts. some of
which are Identical. A simple static condensation is performed on each
part of the bodies to reduce ttL umber of unknown displacements.

Multiple contact surfaces are possible. Contact forces are calcu-
lated by using the local flexibility equations of each pair of contact
surfaces. Loads are applied Incrementally, and the solution Is sought

by means of an Interatioe procedure for each load level.

The method is checked with the well-known classical Srts problem
involving contact between a sphere and an elastic space. Results are
In good agreement with the analytical solution. History of losadps.-
dance of frictional contact problem Is established In the seon
example using a hollow cylinder pressed on am elastic base. stress
analyses of a threaded joint with and without friction are presented In
the last exple.

This work was supported by the U.S. Army Missile Command under
Contract ICAAKI.-76-C-1084.
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IDEALIZATION OF PRESTRESSING FORCES FOR FINITE LUIMT ANALYSIS

Fahim A. Batla
Department of Civil Engineering
North Dakota State University

Fargo, ND 58105

The exact representation of the geometry of tendon profile and the
variation of the prestressing force along the tendon length for the
analysis of a prestressed concrete structure by the finite element method
is a complex and time consuming effort.

In the finite element method a continuum is considered to be an
assemblage of discrete elements. This paper presents a similar approach
in which a prestressing tendon is represented by piecewise straight
segments. The tendon is divided in as many segments as the number of
elements it passes through, and the prestressing force is assumed to be
constant within each segment. The prestressing force in each element is
then represented by concentrated loads on the edges of the element. The

- -- effective prestressing force in each segment of the tendon is evaluated
by the conventional methods of the prestressed concrete design.

The overall effort of representing the tendon profile and the pre-
stressing force is, therefore, substantially reduced. The approximation
of the tendon profile and the prestressing force in the tendon converges
rapidly to the exact representation as the number of divisions of the
structure for the finite element analysis is increased. The analysis
using this approach indicate a very good comparison with the results
obtained by using the more rigoroas methods of analysis in which the pre- !
stressing forces are more accurately represented.
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Temporal Finite Elements Based On a True
Minimum Principle for Initial Value Problems

by

S. Nakamura
R.L. Benedict

Materials Division
College of Engineering

University of Iowa
Iowa City, Iowa

A symmetric, convex, functional is presented whose necessary conditions

for minimization are the dynamic equations of motion and their appropriate

initial boundary conditions. A temporal finite element method is developed

by discretizing this functional using shape functions in a manner analagous

to the development of spatial finite elements. The equations of motion for

a linear dynamic system are thus reduced to a set of linear algebraic

equations. The resulting coefficient matrix is large but very sparse and

well structured. A computational technique has been developed which takes

advantage of the special structure of this matrix to collapse its nonzero ,

elements into a narrow band to increase solution efficiency. /.I

The resulting dynamic analysis technique is stable for arbitrary time

discretizations and works well for stiff systems. Convergence is uniform J
and "even" in a global sence. That is, we observe that the error at the

final time point is no greater than the error anywhere else in the global

time interval.

Computational examples are presented which compare this technique to

various integration techniques. Examples include multiple degree of freedom

particle problems and a spatial finite element discretized beam.
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main" AR AVIOR OF BhU BY
FINITE E.UU T MOD

M. Sethyauoortlay and Robert Nullady
Department of Mechanical and Industrial Engineering

Clarkson College of Technology
Potsdam, New York 13676, USA

Abstract

Nonlinear static and dynamic behaviors of beams with various bound-
ary conditions have been stwuted by several investigators In the past
[1]. A recent survey paper by Reddy (21 sumarizes the contributed ef-
forts in the area of nonlinear analysis of baes during the last tear-
year period using the f inite element method. Most of the investigations
reported so far, however, are concerned with geomtric-type nonlinear-
ity where the nolinearity is either due to nonlinear moment-curvature
relationship or due to nonlinear strain-displacement relationship caused
by the extension of the neutral axis of the beom. These two types of
nonlinearities are the result of a beams undergoing large deformation.
In contrast material type nolinearities hae received far lss attent-
tion in the literature. Zyeagar and Nurthy [3] used programing tech-
niques to study the free vibration behavior of simply supported beams
with nonlinear material properties while Prathap and Varadan 14) inves-
tigated the nonlinear load deflection behavior. Ibis paper is concern-
ed with the study of nonlinear static and dynamic behavior of bsm with

Ran berg-Osgood type of stress-strata formula, that is characterized by .
a continuous slope change typical of metals at elevated temperatures.
The finite element technique to used to obtain solutions for beern with
various boundary conditions ade of non-fookean materials. Nonlinear
load-deflectioe curves are presented for static problm. Linear ad
nonlinear fundamental frequencies are tabulated for dynamic cases. ff-
facts of both material meelinearity end boundary conditions on the non-
inear behavior ae discussed. Present results are compered with sm
existing slutions wherever possible 13.41.

1. J.G. haley, -3satie Beamns, Rigs and Strings" in Applod Mechanics
Surveys, edited by N.N. Abrams" at al. 1944.

2. J.9. Medy, "Plts Murnt Madeling of Structural Vibrations: A
PAWtOW Of 2eseat AwNeve,"oen MAad Viration Odest, Vol. 11,
pp. 25-39, 19?,.

3.33. . lyM amd P.N. moth, "Mmaiasar Pree Vibration of a
Stoly guppecbed Dom by fteremb Tefiques," Journal of Sound
ad Viratimm, Vol. 30. pp. 277-296, 1972.

4. 6. tesha sad ?.a. Yau.-!=, "Ibe elasatin Laoge Defoumatien of --

Smm" AW 4smras of AWMWe Nebhmiss Vsl. 43, pp. 60-490, 1976.
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TWO-STME DISCRET!ZATIOS TECHNIMUE IN NONLINEAR STRUCTURAL DYNMIICS

by Sersi, R. ID.UiM nd Alberto CUWhI&

fationaZ CmnuiZ fbr Seo.mtific api lohmogia R~sw'oi - CONICET
Qismna U6I - 1000 Sant Fe - Reilbs. £rvgifta

In the last years, the finite elat method has succeseftUly bowr
used as a toot for the apgprostiae selatiou of law Member @f p"81Weu
probem. Mie wider Ia - I of tbl eto tobe int the soe baels
fuctions sen and is & No -sertsesl MV be ampboedo Is a waristy of
load cases. Theretfe, ft is art memw o to bo a Wsed ~I a ft of
the o.1*las to ofzali proper weswts. bbvtotmely, met large-scale
problems wil epseiany amuloiw' jebm require n exesive somot of
computer tin&. Ta ONO t.o ,,14 this d11ficoly, it is peseible tov
achi.e tbe dietgamttaon of a Structure by mm of & foo wel chaes
basis frnatin lw" t swimll sy mrs a e quatios tha !erst
the beberher of then asuetue as weon vs di lone systwri''. lo stage-
disretia.. tomeieaw or reocta awrio arv &lI mo to dlip-
cretia n smmalwal a gaentnieely eaqmpz stivcture with a to well
chese Mobie. Thee mbdo WMl be tented hers In nml* so itral

After a Prsenttmina. the aim-stag iesama seeys a

t points oud no at Is very impeast In isom-lisr problemn because
It Ptati ou uba b baess wes man be apostai. gveraL. wmlso

difeent etrtee slibs*itee to nde. Lod Oa mokiserstasan
difeset am tu w se. v~iauib a mistq flalt shoas -e~ lea "m
other -~is Am bodmt. Ix Is sh ht the peae =wesinthwea
Swisratm abs wa uitable selection ad the basis vctt ma It iw-
ermams iLdy oh they am*t be updatiaL I&ss eaowpes. tbsaw mst
never be ch~mW but Is all caesm & oiducabl. g@l& of compter tiam
w- Obtained.

I - =aO, A.M, "beset "rew in losoties "Oos for mmlimss prob-
1as. computer ead strecaiaees. *1.- 13, pp. 31-44 (1961).
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A Now Doubly curved Mixed Hybrid Finite Elenent for Thin Plate Analysis*

Dialtrios ramanlidis**, La The lung, Ralf Hasslich
Technical University of Berlin, erlin, W. Germany

**Presently at Georgia Institute of Technology

Atlanta, GA 30332

The purpose of the present investigation is the development of a doubly

curved shallow shell element based on a modification of the BellingerlPrange/
Reismner variatiomal principle, wherein the primal variables 2 and v
(vector of the shell stress resultants and boundary displacement vector
respectively) are assumed so as to satisfy a priori conditions listed below:

a), membrane equilibrium equations
b) shallow shell bending equilibrium equation and
c) displacement boundary conditions on Cu (part of the boundary on

which displaceumts are prescribed).

Competring the new mixed hybrid triangular shell element (see Fig. 1) with
assumed displacement finite elements the following major advantages of the
new element can he pointed out:

the rigid body as well as
the constant strain =odAs,

b) the a priori enforcement of
/ C1 interelement displacement

continuity (the interelement
traction reciprocity contia-
ulty being satisfied a
posteriori as natural
boundary condition).

a master nodal, points
0 aullary nO points

Furthermore, It Is worth noting that In comparison with similar recently
developed mixed hybrid shell elements [iJ, (2) the following Improvements
have been made within the now element:

a) a priori satisfaction of the complete shallow shall bending
equilibrium equation Instead of only the homogenoud part of the
plate beading equation, and

b) e 0 continuous sbell geometry approximation (upon use of auxiliary
nodes Fig. 1) in contrast to the discontinuous ones used in
(11, [2].

* in order to demostrate the applicability and efficiency of the mw elemmt,
extensive mnerical studios on relevant problems have been carried omt.

*2search sposoared by the aermM Science Pomdation (DM) under Grant --Ia41713 .. .-

2. NeIriuse, A., Ph.D. fheais, Trondeim University, 1977.
-. 4:
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COMPUTER-AIDED DESIGN AND OPTIMIZATION OF A FOUR-BAR

MECHNISN TO TRACE A GIVEN PATH

ly

A. Nassirharand* and B. Kaftanoglu
* *

School of Mechanical and Aerospace Engineering
Oklahoma State University, Stillwater, Oklahoma 74078

ABSTRACT

The present study introduce* a numerical procedure

and an algorithm to synthesise a four-bar mechanism

so that its coupler point generates a given path e.g.

a straight line with the least possible error. In

industrial applications such mechanisms are used to

generated specific notions in cutting, welding, hoist-

ing, and in a multitude of other operations where

robotics are being used for automated production.

In the present study, the general equations of

motion are developed for hny four-bar linkage giving

the coordinates of the coupler point as a function of

the crank angle. The required path to be followed is

expressed by an equation and in this paper a linear path

is given as an example. The normal distance between

the coupler curve and the required path is computed for

an arbitrary number of points, and squared and sued

to find the error function. Using a constrained

modified Rosenbrock optimization algorithm, this error

is minimised by altering the design variables such as,

the dimensions of the four-bar mechanism, starting

angle and etc. For the example given in the paper.

an accuracy of less than 3 percent has been obtained

for the approxinations of the required path by the

soupler curve.

* Graduate Teaching Assistant

** Visiting Professor

-343-

* .~ -

" , -f.' i, p. r -. " ... " ' "- ' '.. :' " ", ' . " " " " " -'. "'..r i

. " ,r q ,"'' ° " " ' : : " -' ' "" 'i J ' "4"I -
1 -

i " " - " '



Oraiaer: C. II. UKv, The TunIvormiy of Oklebain
Cbairpmem: V. YUw@*U, Lab vavervity
Co-iq'ersooa: C.R. SAWMc ~Dnnell Douglas Corporation

*2:00- 2:30 W. C. CW ndJ.. .I.DM Virgin" olytcaic
Inatitaft an State Uiveraity:
"Large Def~sctiau Deedig of Laminated Shells"

*2:30 - 3:90 1. U. SEE, JR., SmadIa National Iaborstoriest.
"Watched vou./Auminw Iffect of Ustrix Properties"

*3:00 - 3:30 WI. UI. WflUM and W. 3. ThOWSR, Uicbigaa,
vbchmaoa l Unirsity:
"soe affect of Isarlinllar Spacing on Incipiesz
ftace.e to Aw*-Lei Leaefler Meal.411ay Copsites"

3:30 - I.:0 m uST RU

*4:00 - 4:3D C. W. DO n C. J. 12310. The JVawgzstty of

'"Ma of Thiak USm Leamsd of Slirnimlar
Material"

*4:30 - :00 A.?.$. BLV*DUU, Carleton Thdvatry, camnmia
tSbe 13mme of a nat 9lastic Maes Emedded in an t
iastra&c Klastic Nedime



LARGE DEFLECTION SENDING OF LAMINATED SHELLS*

W.C. Chao and J.N. Retidy
Department of Engineering Science and Mechanics

Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061

Abstract

A finite-element analysis of laminated insotropic shells is
- - investigated using the so-called three-dimensional degenerate element.

The element is Weed on the incremental variational formulation (i.e.,
virtual work statement) of the total Lagrangian description of the
equations of shells. The element has five degrees of freedom: three
translational degrees of freedom along the global coordinate axes. and
two rotations with respect to the (element) local axes. The element is
used to obtain load-deflection results for shells of various geometries
under different boundary conditions. The present results are compared
with the results of a two-dimensional shesar-deformabl* shell theory that
accounts for the von Wi~fmn strains, and with the results of otherfinite-element analyses. The present results are found to be in goodagreement with the other results.

*ThM results reported here wre obtained during an investigation sup-
potted in part by the Structural Mechanics Program of the Air Force
W~ice of Sciemtific Research and the Mechanics Division of the Office

of Neal Research.
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THE EFFECT OF IN'I AMZLLAR SPACING ON INCIPIENT

FRACTURE IN SHOCK-LOADZD LAMELLAR METAL-ALLOY COMPOSITES*

William N. Predebon and William E. Thompson
Department of Mechanical Engineering and Engineering Mechanics

Michigan Technological University
Houghton, MI 49931

Abstract

Incipipnt fracture in a bi-phase lamellar eutectic metal is
investigated :sing a finite-difference computer code simulation.
Through the simulation, the mode and location of incipient frac-
ture are predicted and compared to results from dynamic fraiture
experiments for the case of constant interlamellar spacing.L The
case considered is an initially planar shock pulse traveling par-
allel to the direction of the lamellae. Incipient fracture is
predicted through the use of the cumulative damage spall model,
based on a maximum principle stress criterion for the damage
threshold.

In the formation of a lamellar eutectic metal composite one
finds that the interlamellar spacing varies, and it is of interest
to determine its effect on incipient fracture. In a similar way
in manufactured composites, where the spacing can be prescribed,
it would be important to determine spacings which best resist
fracture. In the CoAl eutectic system considered in this study
the 30 um spacing was found to be a critical spacing. For inter-
lamellar spacings greater and less than 30 um, fracture was enhanced.

1 G. a. Brawley and W. V. Predebon, An Investigation of Shock-Induced
Fracture in a Lemellar Butectic TwO-Phase Metal Alloy, Engineering
Fracture Mechanics J. 16, 613-624(1982).

*Supported by the NATIONAL SCIENCE FOUNDATION under grant DN 78-05741.
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SENDING OF THICK BEANS LAMINATED OF BIMODULAR NATERIAL*

Charles W. Bert and Clifford J. Rebellot
School of Aerospace, 14echanical and Nuclear Engineering
The University of Oklahoma, Norman, Oklahoma 73019

Abstract

It has been known as early as 1864,that certain actual materials have quite
different elastic behavior when they are su je.'ted to tension rather then com-
pression. However. the concept of a bimodular material, i.e., a bilinear mate-
rial having different moduli i tensia-iiiiIJ-ri compression, was not originated
until 1941 by Timoshenko [I], who considered a beam of such a material under-
g oing pure bending. Isaqiles of compostes exhibiting bimodalar behavior
include cord-reinforced rubiber, fiber-reinforced plastics, paperboard,

reinforced concrete, and soft biological tissues.

Apparently Komiya [2) was the ttrrst to include transverse shear strain effects
in the analysis of bimodular beaus. Ref. [3] presented an extensive survey of
the literature for such beows. Very few papers were concerned with lamsinated
bumn~: none included tvansverse-utieer deformation effects and no entensive
investigationi of the effects of stacktng sequence has been undertaken hereto-
fore. Bath of these effects are cons idered in the present Aevfk. Closed-torm
solutions for two different leading/boundmry condition cases are presented and
the significance of the wnerical results era discussed in detail.

Ell S. Tiusoshenko, Stren h o teilPt. 11, 2nd. Ed., Van Nostrand,
Princeton~, NJ. MI., pp. =-4"

[2] N. Kwiya, "Transverse Shear Effect iii a Bimodulus Plate," Nuc. Eng.
Design. Vol. 32 (19M), pp. W3647.

[3) A.D. Train and CAL Sort, "Bendtng of Thick Sam of 91imodulas Nterials,"
Computers and Structures, to appear.

*This wonrk was sponsored by the Office of Naval Research, Mechanics Division.
tProsently graduate studet, Eninemrlng Science I luchenics, Virginia Poly-
technic Institute I State University, Blacksburg VA 24061.
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THE FLEXURE OF A FLAT ELASTIC FIBRE EMBEDDED
IN AN ISOTROPIC ELASTIC MEDIUM

A.P.S. Selvadural*

Department of Civil Engineering
Carleton University

Ottawa, Ontario, Canada.

ABSTRACT

The problem of flexure of a flat ribbon like inclusion embedded
in an elastic medium is of some interest to the stress analysis of
fibre reinforced materials. We consider the type of ribbon shaped
fibre in which flexure takes place only in the fibre direction. The
flat beam shaped fibre is embedded in bonded contact with the surround-
ing isotropic elastic medium. The flexural interaction is induced
by a concentrated load which acts normal to the plane of the fibre.
Similar interactions can be caused by micro-buckling of a fibre
induced by edge loading of the composite. The analysis of the problem
is developed by assuming that the condition related to rigid behaviour
of the fibre cross section is satisfied in an approximate fashion.
Three particular estimates for the flexural interaction problem are
presented. In the first case the normal stresses at the fibre-elastic
medium interface are approximated by distributions which give nearly
uniform displacement across the width of the ribbon shaped fibre.
The remaining estimates are derived by developing approximate solutions
for the integral equation governing the flexural Interaction problem.
The solutions are based on Mathieu function and asymptotic series
expansion solutions, in which the interface normal stresses exhibit
singular behaviour at the edges of the fibre cross section. Numerical
results are presented for the flexural moment induced in the embedded
fibre due to the applied concnetrated lateral force.

* Professor and Chairman
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INTATAEOSTW-DRNINA AOUTI NTNSTYMASREM7T

D. uve P.Rolnd G.Cone-Bllo

betweDn micopene 1Pn . anolIand &3:Cot-Blo

ofr themeaannd intaentneo a ucer:tenst Is ect gnayor.o

Fot temenflxth ross spectrum metalecorhto d re is u~ed twaice o

account the phase and amplitude differences between the microphones and
the gradient approximation.

The instantaneous measurmnts are made according to the am and
difference approach in an all-digital fashion

,~-1 P1+ 2

(1 ) -- + 2 F1-2 dt

The temporal evolution of the Intensity vector is than obtained as wall
as some of Its statistical properties (probability density of the modulus
and of the direction). In the frequency range 1 - 6 k~x (which is fixed
mainly by the spacing between the microphones Ar1 2- l~m) the response
of the probe 0is very satisfactory. the angular ;1,12amplitude gevietions
are within 2 and + 52 for Incidence angles in the range ± 80 relative
to the probe axis.

The technique Is applied to the acoustic near field of a subsonic
jet which can be excited alon the column mode. Results concerning the
source distribution along the jot axis and the intermit tency of the
sound mision are compared with previous studies using the causality
technique (2) and the polar correlation technique (3).

(1) 7TN F. J., JASA* 62, 1977. __

(2) JUYK V. G SUA . IIJTAK Symp. Springer, 1979.
(3) wISmU N. J., IAWXR-UU N. 4 GLEGC S.A.L., JSV, 1, 1977.
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REGULARIZATION OF GOLDSTEIN'S SPL1TTING OF UNSTEADY VORTICAL
AND ESTROIC QISTORTION6 OF POTENTIAL FLOWS

fret i. M~aui
Iniwarsifity of Nt"r Dome

Notre Owe I 46556S

For mul aaplitud e wrtical ond ewi'pic untady 4stuhies of
Potential flows, balistin* er sed I Psri splfttlng of the velocity
field into avertical part IU M-tt ts atmmu f t4.of the 10..
upstremn distortion Iii and the ows penti flww4 and a p~ 41to
part go satiin a limmor 1ntumammas mee "Nation umt a two'-
type source taim. Yis splitting povides a imwf~ed mppoach to e-

dymmi: sudos f 4rfoils response to pat loading and to the rapid

-- ~ ~ ol b--pia~T ecomes singejar along t entirebody boundary and Jits w,
and as ~Iesut V4 ufli also he siaguar &Ueeg the entire beft surface.
Practically, tbkis udeplar behavlor will ahe molutions my,04flicult to
obtain perticularly .Aee nmnarical eqmtta an IN441*e.

Recognizing that the physical soluition is oegealar at the 60W~ surface
Goldstein's Wpitting by introducing a Part Vi othint it kndow function of

00b~~( illSw t M fitwe"Od sod da iis potetial fow6 and
along the bwd swift".IwneewK aMod isope 404os"tws
for all tin 4W c~ r -i s Oa isv~w ftoUC Aftmnm flold.
Explicit and pevtt*.tp 440f aoWI wereeeieyt fr fte-
d"ima s meAN f%%M tat INi- 0 O sMA M06 diturbonoe fr
sto MAN bod e d easoies. To pearad 14wr Wf 00 ugsmd ISIV0
near ohe stepatten pott is ales 1ouestiptsd.

*J. Fluid ftec., 66. o, p. 48846. (it).
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A Review of ecent Developmnts In
the Theory of Jet Noise

Thomas 1. Dal"

General Rlectric Research and
Development Center

A study of the theory of jet notes ws Initiated by L14ghthill

in turbulence ahove up as noise in the far fielA; the general character-
lecica of this noise are very similar to those of convecting acoustic
quadrupoles. Ligbhlls moat famus contribution Is his 8th - power
low which states that the noise Is prOPortisml to Cjf where Uj isthe

An extraguly careful got of experimntal studies In the uld-seventie.
revealed that the dependence of jet Sol"e em jet temerature Is far more
intricate than anticipated by Lighhill. This finding, together with
the srnae of superosni trasports such an the Concorde, bag triggered
a major new research effort in jet Ie.

The purpose of this talk Is to hSIghigt sme of the recent and
significant, developments In the theoretical study of jet noise. The
topift discussed will Include the derivetionm ad relevance of the
LIlisy equation, the frequency dIpendhnI of convective MIMplification,
the effects of jet flow on jet noise ad a saw theory of shok

associated Mniss.
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DRAG 09 AM ELLIPTIC CYLINDER OSCLLhLUrG
IN A DUSTY VIS(X)13 FLUID

L.V.K.V. &arms and S. Kisbore Kumar
Department of Mathematics

Indian Institute of Technology
Madras 600036, India

In this paper we investigate the flow of a dusty
viscous fluid due to the oscillatory notion of an elliptic
cylinder r - a 11 + c? (too 9)1. The upresios for the

_aK *in Ot w wto) by using asymptotic apinsioos
-. n s o mdid ree fuciotnsd hefr

and invwolve v, f , r charecenitiet hs sse
together with C aod 0. Graph* at& frown to represent the

variation in the parmters I end 9 . It is observed that
over a pertod of oscillation comesiered, the dreg Is er
in the case of dusty fluid compared to the case of clean
fluid. The Isecond tess in the exresion for the drag
involving K ohome the force opposing the m= --et of the
cylinder and Is thuas & dmig force out of phase withit the waftelration. This to the fore *mb preae.. the
decay of oscillations of the cylinder.

The case of circular cylinder can be qbtajaned by takin
le I to be zero and the eapreesioms for I and K agree with
those obtained In an earlier paper [III %aFrthet, as the
uses of the 1 dust particles temis to sere* the exressions
for X and K reduce to those to the case of clam fluld (2).

III L.V.K.V. Seine, and S. Kishore Keen Drag on a Circular
Cylinder Oscillatiag In a Dusty Viscous Flaid, to appear
In I.I.Sc. Jourael,

[2) Stuart, i.I.: LwAnsor Boundary Layers: 14. flosahemde, L.,
Ch. VII, pp. 1392 (1963).
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